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ECUPUTY CLASSIFICATION OF THIS PAOIK(M a Date Entmd)

-. descriptions of the configurations have been, plotted in lode 4Laisgs
with the corresponding s ep, t#me histories. The effect. of gain paramters
on the matching of~ equivilit ,sYtivWs* prsented.

* A fast Fourier Transform method has been applied to flight tine
histories for analysis in the frequency response mode. The rsulting reqpons
characteristics also serve as a check on the predicted responses as defined

by the analytical descriptions programed in the NT-33.-I -

Thei equivalent systems data have been evaluated with the Neal and-Smith 1
closed-loop analysis technique. For the longitudinal evaluations# the
validity of the equivalent system approach for evaluation of the flying
qualities of complex aircraft was generally verified. The data f or the
lateral equivalent system evaluations were inconclusive.



I .. - Ti FOREWORD

This report was prepared for the United States Navy and Air
Force by McDonnell Aircraft Company, St. Louis, Missouri with
McDonnell-Douglas Independent Research and Development funding.
The Air Force Wright Aeronautical Laboratories (AFWAL) task number
24030519 "Military Flying Qualities Research" was under Project
Number 2403, "Stability and Control of Aerospace Vehicles."

The report describes the results of analyses of an inflight
evaluation program designed to verify the equivalent system con-
cept and to explore the effects of control system dynamics on
fighter approach and landing flying qualities.

The in-flight evaluation pxogram reported by Calspan Corpora-
tion, Buffalo, NY was performed by the Flight Research Branch of
Calspan under sponsorship of the Naval Air Test Center, NAS
Patuxent River, Maryland and the Flight Dynamics Laboratory,
Wright-Patterson AFB, OH, working through a Calspan contract with
FDL. This work was part of Project 6241-F, NT-33 Task 3 and uti-
lized the FD[/Calspan NT-33 variable stability aircraft.
Mr. Jack Barry was the Program Manager for FDL; his assistance
deserves special acknowledgement.

Completion of the in-flight program was dependent on the con-
tributions of individuals from the McDonnell-Douglas Corporation,
Navy, Air Force and Calspan. LCdr John Padgett of NATC served as
Test Director; without his enthusiastic support in this capacity
and his truly professional contributions as an evaluation pilot,
this program would not have been possible. The engineering assis-
tance of Mr. Bill McNamara and Mr. Tom Galloway of NATC and
Mr. Tom Black of AFFDL is also acknowledged. In addition, the
interest and support of Mr. Ralph A'Harrah of NAVAIR during the
program was appreciated.

This report represents the combined efforts of several
individuals from the aforementioned organizations. The authors
wish to acknowledge the contributions of Mr. K. A. Johnston of
MCAIR.

The authors also wish to express their thanks toMr. David Bischoff, NADC for his review of the report.
Mr. D. J. Moorhouse, and Mr. R. J. Woodcock, AFWAL, made many
constructive changes during their very thorough review.

The time period covered by the analysis of the in-flight dataextends from August 1978 through May 1981. The report wassubmitted by the authors in July 1981.
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SUCTION I

INTRODUECTION AND PURPOSE

The demand for increased fighter capability in combination
with the demonstrated reliability of modern electronic systems has
led to the evolution of more complex flight control systems.
Although not a problem in itself. this additional complexity typi-
cally introduces significant control system dynamics which can
potentially alter the flying qualities of the aircraft dramati-
cally. Modern fighter aircraft such as the F-16, YF-17 and F-ISA
are examples of designs which utilize full-authority augmentation
system; in each case the response to pilot inputs is "higher
order" and cannot be described solely by classical aircraft
response parameters such as those presented in MIL-F-8785C
(Reference 1) .

Research programs utilizing the AFPL/Calepan NT-33 (Refer-
ences 2, 3, and 4) have clearly demonstrated the need for special
flying qualities criteria or specifications for today's aircraft
with significant control system dynamics. One suggested approach
which shows promise is to reduce the overall response transfer
function of the complex highly augmented aircraft to a form which
is similat to that of the classic unaugmented aircraft (e.g.,
References 5, 6, and 7). The new transfer functions are
equivalent systems which represent the significant characteristics
of the overall aircraft responses. NIL-F-8785C requires defini-
tion of equivalent systems for all axes. The modal specification
requirements are then to be applied to the appropriate parameters
of the equivalent systems, rather than to any one mode of the
actual aircraft dynamics. Guidance on defining equivalent systems
and applying the specification requirements is presented in the
new backup report (Reference 8).

The application of an equivalent system approach to flying
qualities specifications has been suggested in several reports but
has recently been studied intensively by McDonnell Aircraft
Company (WC&iR); for example, see References 6 and 7. The
exploratory research program to verify the applicability of the
equivalent system approach which is documented in the following
sections was, in fact, largely sotivatd by McDonnell personnel.

The purpose of this research program may be summarized as
follows:

o To test the suitability of representing aircraft with
complex flight control systems by an equivalent system: a
simplified model of classic order plus a transport time
delay,

o To study the effects of transport time delay on
longitudinal approach and landing flying qualities,

3
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o To obtain lateral approach and landing flying qualities
data for aircraft with signiftcant additional control
system dynamics in the form of transport time delays and
lag filters.

It is important to realize that this program was exploratory
in nature; the time available to conduct the program was very lim-
ited. Every effort was made to evaluate a wide variety of
longitudinal and lfteral approach and landing characteristics in
the time available rather than concentrate on one particular
aspect of equivalent systems or flying qualities data applicable
to highly augmented aircraft. The reported data should, there-
fore, be viewed in this light.

An evaluation of the equivalent systems includes comparison
of frequency response characteristics, in addition to pilot
ratings and comments, for both high-order and low-order
configurations. The effects of gain modifications and time delay
in control system dynamics are investigated as applicable to
equivalent systems. The analytical description of each configura-
tion has been presented in Bode plots with the corresponding step
time histories. A Fast Fourieie Transform method has been, applied
to flight time history data for analysis in the frequency response
mode. The resulting response charactekistics also serve as a
check on the predicted responses as defined by the analytical
descriptions programmed in the NT-33. Aldo, the Neal and Smith
closed-loop analysis technique has been applied to the flight data
to check for correlation with thi pilot ratings of the
configurations.

2



SECTION II

EQUIVALENT SYSTEMS

The concept of equivalent systems has been discussed and
published for a number of years (for example Refetrenies 2, 3, 5,
6, and 7). This concept involves approximating high order
mathematical models of aircraft dynamics with" low-order models.
These low-order models are equivalent in the sense that they
produce a dynamic response to the pilot'* input which is
reasonably close to the high-order response.

One appeal of these low order responses is the reduced number
of parameters which must be discussed in analysis and design. For
example, modern flight control system mathematical modes of faf-
tieth order are sometimes encountered. The large number of
parameters needed to define such systems exactly far exceeds the
number which can be comprehended in design.

Another appeal is that the flying qua'ities Military Speci-
fication, MIL-F-8785, has in recent versions specified modal
parameters based on classical low-order dynamic responses. For
example, a fourth order model is assumed for the pitch response to
control. This approach was adopted in the Specification because
the majority of substantiating research data were gathered with
aircraft for which a low-order response was clearly an adequate
approximation. The high-order modes were clearly well separated
in frequency from those modes of interest in piloted control.
Until recent years such an assumption fit common practice very
well.

One immediate drawback of the equivalent system approach as a
specification method is the necessity to quantify a "reasonably
close" match between the high order and low order equivalent
response. Official adoption of equivalent systems for MIL-F-8785C
has increased this necessity. Therefore, this experiment evalu-
ated the flying qualities of high order systems, and of their low
order equivalents. The variable stability capabilities of the
USAF/Calspan NT-33 aircraft allowed simulation of systems of
appropriate order. By relating differences in pilot comments and
ratings to analytical differences between the high and low order
responses, allowable levels of mismatch were to be defined.
Further, cases were chosen so that mismatches fell in different
frequency ranges.

In recent years, the equivalent system approach for speci-
fication or assessment of flying qualities for highly augmented
aircraft has been studied extensively by MCAIR (see, for example,
References 6 and 7). It has been learned that the great majority
of augmented responses can be approximated by quasi-classical
forms of the longitudinal, lateral and directional dynamics.
Equivalent systems have to date been used by MCAIR to demonstrate
compliance with every classical modal requirement stated in
MIL-V-8785C, i.e., the phugoid, longitudinal short period, dutch
roll, roll, and spiral modes.

i ,3



Three methods have been used by various investigators to
obtain low order representations of the high order dynamics:

1. Selecting a subset of the high order roots for evalua-

tion - sometimes called the "dominant root" approach.

2. Matching time histories.

3. Matching Bode frequency-response plots.

The latter approach was used for this study.

The short-term, or short-period, pitch rate response is
selected as the appropriate dominant response for the task, in
this case, approach and landing. This choice is reasonable since
other characteristics such as the long-term response and the
flight path stability and response were essentially constant and
satisfactory for all the evaluations in this experiment.

The low order system is of the form:

(T ee + 1)e

E K. 2
pas s + s+1)"w 2 We

0 e

where To. is an equivalent Tb2 (_ 1/La) (held fixed in matching
procedure at airframe
value of T if po
sible; when this
numerator term is freed,
i.e., included in the
match process, an equiva-
lent L9  is obtained
which describes the pitch
response only. It is
freed only to improve the
analytical match.)

we is an equivalent short period natural frequency

4e is an equivalent short period damping ratio

4--~ ____________________
4i



I
The roll rate response is selected as the appropriate m-

nant lateral response for thl approach and landing tsk. Aw the

cases under evaluation, the spiral mode was considered to be
approximately neutral and the Dutch roll poles approximtely can-*
celled the roll rate transfer function seros. Thus, the low order
system can be of the form:

--T S
A-- -- K 0O

ASa + 1)

where TRe is an equivalent roll mode time constant

Tie a time constant of the control system time delay to

allow proper matching of phise contributions of high
frequency control system elements.

Normally, the sideslip-to-rudder control response is used to
obtain an estimate of the equivalent dutch roll characteristics.
This is particularly necessary when the dutch roll is nearly can-
celled in the lateral (bank angle) response to lateral control.
In this experiment, however, the dutch roll characteristics though
not constant, never affected the task, ratings, or pilot coments.

Therefore, the analysis vas restricted to the VFAS response.

In both axes, a time delay, e- Ts , is used as a way of
approximating the high frequency phase lags introduced by actua-
tion, sensors, and compensation. (Note that MIL-F-8785C limits
phase lag due to flight control system effects at the short period
natural frequency. A time delay has a phase lag, at a frequency
of radians/second of

Phase Lag - 57.3 Tw (degrees)

where T is the delay in seconds.) Introduction of this delay term
in the matching process was necessary to get good matches.

The matching of the high order transfer function of the
highly augmented aircraft to this low order model is performed
using a special digital computer program. For aircraft like the
YF-17 and F-18A, the complete transfer function can, in soe
situations, be as high as 50th order. The quality of the match is
measured by a cost, or mismatch, function which is formed by
summing the squared errors in gain and phase between the low ear
high order transfer functions at a number of frequency values.
For the longitudinal matches, the cost function is:

"Cost" -1{ EAGain (d]) 2 + .017 [A(hase (deg)3 2)

5
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The weighting factor of .017 assigns, the same significance to 1 dB
of gain mismatch as to approximately 8 degrees of phase mismatch.

For the matches in this report a frequency range between .1 and 10
rad/sec was selected for the matching procedure.

The approach to application of equivalent systems has been
outlined, but questions are raised. For example, how close to the
equivalent must a representation be? The degree of allowable mis-
match between the high order system and its low order equivalent
needs to be defined. The frequency range for equivalence eval-
uation should be defined. Also, in determining longitudinal
equivalents, it has been found that freeing the short period pitch
numerator in the matching process is one way to reduce the
mismatch (noted in definition of low order system). The resulting
equivalent system is valid only for the pitch degree of freedom.
It also has been discovered that small mismatches could not be
obtained for some configurations, and these configurations had
poor flying qualities. However, such configurations also have
equivalent system parameters which predict poor flying qualities,
as shown in Reference 10.

Past experience with flying qualities analysis of the systems
studied has indicated that mismatch is not a strong concern.
Nevertheless, this correspondence between mismatch and pilot
rating has raised the question as to whether low-order-appearing
responses are a prerequisite to good control qualities.

Another parameter choice available for modeling the low order
equivalent is time delay. High order dynamics often produce large
lags at high frequencies. These lags cannot be approximated by
simple low order equivalent modal parameters and pilots describe
these responses as delayed. Therefore, the equivalent systems
often include an equivalent time delay, or transport delay, to
approximate the phase lag. High order dynamics which reduce to a
low order system having a large delay value are prone to pilot
induced oscillations and loss of control in demanding tasks. How-
ever, the equivalent pure delay only approximates the lagged but
smooth initial response onset of the high order continuous system.
The question arises as to whether it simulates the high order
response with sufficient accuracy. Also, digital flight control
systems introduce actual transport delay in the response to
control inputs. The question of accuracy need not arise for this
case, since the equivalent delay term is an exact representation.
In any event, the question of how much delay will degrade pilot
rating needs to be answered.

Because of these questions, and the need for equivalnt
systems correlations to bridge between researchers and specifi-
cation writers and users, experimental data were needed. In this
experiment, pilot ratings for both high and low order systems are
collected with the intent of gaining insight into the major ques-
tions of mismatch. The major objective of the Equivalent Systems
Program, initially reported in References 9 and 1S, was to
determine whether analytically determined equivalent system
possess similar flying qualities to their high order counterparts.

A'6



I SBEnTON III

LONGITUDINAL EXPURIN4WT DETAILS

1. OBJECTIVES - The objectives of this phase of the program were:

o To test the equivalency, through pilot evaluations in the
AFNAL/Calepan MT-33 in-flight simulator, of a variety of
high and low order systems.

o To obtain data on the effects of transport time delays -
such as occur in digital flight control systems - on
longitudinal flying qualities.

Special exact time delay circuits were incorporated into the
MT-33 variable stability system to allow replication of the
desired low order equivalent systems and to study the effects of
time delay on approach and landing flying qualities.

For this experiment, the high order systems were drawn from
two sources:

a. F-18A In-Flight Evaluation Program (Reference 12)

- Since the major features of the F-18A digital flight
control system were replicated in the NT-33 for the
F-18A approach and landing evaluations, the high order
models from the F-18A evaluation program were
utilized.

- No additional time delay was included in these models
for the equivalent system program; therefore, the high
order systems are configurations representative of the
V-18A as simulated in the NT-33. Hence, the models
used are representative high order systems for
advanced fighter aircraft.

b. Landing Approach Higher Order System Program, "LMIO6
(Reference 4)

- Flor efficiency, selected high order systems from the
LAWS program were utilized as evaluation configura-
tions for the equivalent system program.

Force commands instead of the LABOS' a position can-
rands were, however, used in this equivalent system
program. Equivalent systems for LMKW in Reference 11
therefore included a mall equivalent delay to account
for the feel system dynamics. A sall actwl 4e3y to
approximate this feel system was used in the
equivalent system program.

17
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The characteristics of the longitudinal configurations
evaluated in this experiment are described it. the following
subsections. In general, the intent was to explore equivalent
systems for a variety of flying qualities levels, including cases
with 1/Tee free (numerator term is freed to improve match
process).

2. LOUGITUDINAL MECHANIZATION - The evaluation configurations
were mechanized using the NT-33 variable stability system, special
electronic circuits, and special digital time delay circuits. A
detailed description of the UT-33 in-flight simulator is contained
in Reference 13, while a complete description of the digital time
delay circuits and the F-lA simulation is given in Reference 12.

The longitudinal mechanization block diagram is shown in
Figure 1. This figure applies to all configurations except for
two advanced fighter aircraft configurations. In certain cases,
special mechanization strategies were necessary to achieve
specific equivalent systems as described in Subsection 111-4. For
each configuration, other than the advanced fighter higher order
systems (HOS-l, 2), the complete constant speed pitch rate
transfer function can be constructed using the block diagram and
the data summary sheets in Section VI. Transfer functions for the
advanced fighter aircraft are presented in the next subsection
(further details also are available in Reference II).

Foa SE

Block diagram elements arev

o FILTER: +

or1

+ I +

o DIGITAL Th U DAYs Sl
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o FILTER CARD:

+2. 2.3

3.52 + 3.5

a 2(.6) 3+1
2.32 2.3

82+ 2(.75) *+1
4.0 4.0

2.32 2.3
a2 + 2(.7) +

5.32 + 5.3

IV1
2 2

+6294 1 + 21.38) +
1116 162 1

V1

122 12

o ACTUATOR: 1

3 a2 + _2(7)_

0 AZ3GMSETED1
NT-33s + T

~INstant e2

o GAIN: K~Sis given for each configuration
in the data ewu ry sheets in Section VI,
Table 5

o FEEL SYSTU(: 2 .14 (in/ib)

2S 25

NT: (1) Essentially zero breakout and friction forces
were present.
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(2) Considering pilot force as the primary input to
the actuator, the feel system dynamics did not
enter into the response as they did in the
LAHOS experiment. Here, the feel system only
drove the control stick.

3. EVALUATION CONFIGURATIONS - The evaluation configurations are
presented in Table 1. For the table, the constant speed form of
the 4/FEs transfer function is used; C , w are the damping ratio
and frequency of the equivalent system (ES) or classic short
period form as noted in the remarks. In the table, the configura-
tions are separated into logical groups of equivalent system or
time delay variation data sets. Appendix D shows calculated time
and frequency response comparisons based on the table descrip-
tions. Since the experiment was exploratory, variations in
characteristics, such as gain and time delay, were sometimes made
"on-line" resulting in several versions of a configuration.

Some configurations required modification of the NT-33 pitch
numerator root, and others required an we value beyond the normal
range of the closed-loop variable stability system. Special
mechanization strategies were then necessary to replicate the
desired 6/FES transfer functions. Details of these cases are
described in subsection 111-6. For clarity, only the final
configuration characteristics are listed. Exact configuration
transfer functions can be constructed using the block diagram
(Figure 1) and the data summary sheets in Section VI. The
transfer functions of the advanced fighter aircraft are given in
Table 2. An example complete transfer function is included at the
end of this subsection.

For the transfer functions, the short form notation is used:.
(S+10) (0), (S2+2 ws+w 2 )1:i[;w etc.

The data presented in Tables 1 and 2 are for the hoinal 135
KIAS approach flight condition. Information for extrapolation to
the flare flight condition is given in Subsection XII-5. Long
term characteristics for Table 1 configurations are summnarized in
Subsection 111-6.

Complete sets of the full longitudinal transfer functions for
the advanced fighter can be found in Reference 11. HOS-I and -2
are cases 3 and 1 in Reference 12.

As an example of the construction of the coWlete constant
speed transfer function, consider Configuration P3 (refer to

data sumary sheets in Section VI and Figure 1).

10
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16 (450 Flap)"

P2 Lis 1.1 0.5 .12 US for P1, Lo,
Fixed

P2A" 1.6.8 0.5 .12 P2 with gain,
changed

P3 "3.5 0.6 6.3 .07 ES for P1, L(I
Free

P3A 3.5 0.6 6.3 .07 P3 with gain~'
chapood-

P4 (HOS-2) Advanced Fighe
I=B (30 *Flap)

MA -- P4 with gain()
changed

P5 1.19 1.4 .55 .12 28 for P4, LM
Fixed

P5K 1.9 1.4 .8 - Moified U8
for P4

P53 1.9 1.4 .55 .12 -P5 with galn~1
changed

P5C 1.9 1.4 .8 .12 Modified 36
for P4

P6 5. 0.7 12.5 .06 Z$for P4, L
Free

pe 1.6 0-.8 0.8 .10 US fo P7, L~

194.0 0.75 00 W, 3for P7 , 0



TABLE 1 (Continued)

LONGITUDINAL EVALUATION CONFIGURATIONS (APPROACH)

COIIFIG. La( )

Rad/Sec (1/Sec) (SeP)J4ARKS

PlO 2.6 0.6 0.8 - LAHOS 2-1, Force
Commands

P1OA .05 P10 plus Feel
System Delay

PlOB .10 PlO plus Time
Delay

PIOC .13 P10 plus Time
Delay

PIOD .20 P10 plus Time
Delay

Pl (HOS - LAHOS CONFIG. 2-11) Force Commands

PlA - - - .05 HOS P11 plus
Feel System
Delay

P12 2.6 0.6 0.8 .17 ES for P11, La
Fixed

PI2A P12 with
S+2 Filter
S+6 Added

P12B P12 with
S+10 Filter
S+20 Added

P12C P12B Tih
gain changed

PI2D_ P12A Tih
gain f1 changed

P13 (HOS - LAHOS CONFIG 4-7) Force Commands

P13A - - - .05 P13 plus Feel
System Delay

P14 2.1 1.0 0.8 .09 38 for P13, La
Fixed

12



TABLE I (Continued)

LONGITUDINAL EVALUATION CONFIGURATIONS (APPROACH)

CONFIG. La T ARKSRad/Sec 4 (1/Sec) (Sec)

P15 (HOS - LAHOS CONFIG. 1-4) Force Commands

P16 0.8 0.6 0.8 .16 ES for PI5, La
Fixed

P16A 0.8 0.6 0.8 .14 Modified ES for
P15

P17 1.9 0.8 - ES for Pi5, La
Free

NOTEz (1) Comuand gain was varied for evaluation of configuration
parameters on equivalency.

(2) Time delay, T, given in table are identifier values
for the configurations. Total time delays for
analyses are summation of identifier time delay,
equivalent delay in filters for time delay network
circuit, and the surface actuators.

13



TABLE2

ADVANCED FIGHTER CONSTANT SPEED PITCH TRANSFER

FUNCTIONS (APPROACH)

CONFIG. 0 TRANSFER FUNCTION

HOS-l (20)(10)(5)(2.5)tl.O)(1.0)(.55)
[.7;3. J[.9;1.lj(16.4) (10.7) (6.7) (41)( .76)

HOS-2 (20)(2 5)(1.0)(1.0)(.55)

NOTE: Actuator dynamics must be added (see Section I11-2),- exact
transfer function gains can be determined from summary data
shieets in Section VI.

14



For approach conditions:

S.07" 0 2.s2 3 + 1

TIME FILTER CARD I FILTER ACTUATOR
DELAY

•2.62 2  0.7 s +1l

AUGMENTED NT-33

Assuming that the crossed out factors approximately cancel (a
reasonable assumption; they would exactly cancel in the flare -
see Section 111-5), the resulting transfer function is the desired
equivalent system listed in Table 1 as Configuration P3.

4. LONGITUDINAL COMMAND GAINS - The original strategy for command
gain selection was to keep the constant-speed, steady-state pitch
rate per pound of stick force, q.., constant within a particular
set of configurations; target values of qss were taken from the
data sources, References 3 and 10. Values of qs8 are given for
each configuration in the data summary sheets in Section VI; also
presented are the values of "pitch control sensitivity", Mp1 s, for
each evaluation configuration.

For the classic unaugmented aircraft, MFES is the high
frequency gain of the q/FEs transfer function and is therefore a
suitable yardstick for comparison of initial response characteris-
tics. In configurations with significant additional control
system dynamics, this correlation may no longer be valid. Compari-
son of initial response characteristics cannot be d ne using MFEs .
Care should therefore be taken when interpreting the effects of
ccmand gain differences.

During the course of the program, variations of command gain
were made to investigate the sensitivity of equivalency to system
parameters. All of these variations are included in the data
sutmaary sheets in Section VI.

15



5. EXTRAPOLATION OF CONFIGURATION DATA TO LANDING CONDITIONS - A
given configuration was evaluated during the program at different
NT-33 fuel loads or weight since several configurations were eval-
uated during each flight. The approach was flown at a constant
angle of attack of 10 units (approximately 6 degrees true) which
has the effect of holding the important dynamic characteristics
approximately constant. Approach speed was therefore a function
of fuel remaining.

During the flare and landing phase of the task the airspeed
decreased approximately 15 knots below the approach value; angle
of attack increased about 25% and was approximately constant
regardless of weight. In summary, the following data applies to
the approach and landing phases:

o Approach:

Nominal Speed 135 KIAS

1/T02  ~0.8 rad/sec

nz/t 5.6 g/rad

o Flare and Landing:

(Less than 50 ft above touchdown)

Nominal Speed 120 KIAS

lI/T8 2  ~ 0.7 rad/sec

nz/a 4.4 g/rad

o Extrapolation of Configuration Data to Landing Task
Although the difference between configuraton charac-
teristics for approach as opposed to landing flight
conditions is not really significant in light of the
exploratory nature of this experiment, the guidelines for
extrapolation of the configuration data to the landing
flight conditions are presented. To be totally correct,
any analysis of the data should use the flare and landing
data since the landing task is the critical task (Refer-
enc, 4).

For extrapolation of the data to the flare and landing condi-
tions, the" following rules applys T92 and qgs increase about 10%g
op decreases about 10%; Cap is approximately constantr mys
decreases about 20%.

16
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The advanced aircraft "/FS transfer functions for approach
conditions in Table 2 when extrapolated for the landing task
become:

HOS-l (20) (10) (5) (2.5) (l.0) (l.0) (.55) (.68)
L .7;2.93[.8;1.OJ(17.2) (0.5) (6.7) (4.3) (.79) (.75}

HOS-2 (20) (2.5 )( l.o) (l.O) (.55)
2.S;3.93 ( .9;.9J (14.3)(6.7)(.78)

6. SPECIAL TRANSFER FUNCTION MECHANIZATION SUMARY ,-, Since the
equivalent system concept under evaluation is based on the assump-
tion that the pitch attitude (rate) response is the dominant
response, every effort was made to replicate the desired pitch
rate, constant-speed transfer functions. Two problem areas were
encountered in trying to accomplish this objective:

0 NT-33 l/T62 Mismatch - Normally, the numerator of the
transfer function of pitch to pilot control contains a
root l/T62 (-L) which is also the bandwidth of flight
path response to attitude. Since there is no independent
control of lift in the NT-33 simulation, the flight path
bandwidth of the NT-33 could not be varied except by chang-
ing 1-g trim angle of attack (speed).

For those configurations requiring pitch numerator root
values different than the NT-33 values (for example, Con-
figuration P2) an appropriate lead/lag filter was used to
achieve the desired pitch rate transfer function, without
modifying the flight path pitch attitude bandwidth.

The filter characteristics for each configuration are
given in the data summary sheets, in Section VI. Note that
where the NT-33 L. was cancelled, the flare and landing
values were used.

o Nigh Equivalent Frequency we - For Configurations P3, P6
and P9 the requisite we was beyond the capability of the
NT-33 simulator in the landing approach condition. This
is because high w p is obtained using a large angle-of-
attack feedback gain, which reduces loop stability. In
these cases special filter cards were mechanized (Cards I,
II and III) to achieve the desired overall pitch rate
transfer function. The NT-33 was augmented to achieve
well-calibrated short period denominator characteristics
which were cancelled by the numerator term in the filter
card. The denominator of the filter card had a
high w value which for control inputs became the effective
we. Again, the flare and landing values for w8p were
used. The high we values were a consequence of allowing
L to be free to improve the analytical matches.

17
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The complete configuration transfer functions for either the
approach or the flare and landing condition can be constructed
using the block diagram in Figure 1 and the data in Sections 111-2
through 111-5 and the data summary sheets in Section VI.

7. WNG TERM PITCH CHARACTERISTICS - For all the evaluation con-
figurations the phugoid, or long term, response characteristics
are those of the NT-33 as modified somewhat by the longitudinal
feedback gains used to achieve the desired short period dynamics.
For this experiment, the. following values are representative.
More accurate data'can be found in References 4 and 12.

wph a .15 , Cph - .15

Tel 12 sec

From the flight path control viewpoint, all the evaluations
were on the "front side" of the power required versus drag curve.

8. LATERAL-DIRECTIONAL CHARACTERISTICS - A "good" set of lateral-
directional characteristics was selected for this phase of the
equivalent systems program. Pilot commentary indicated that these
characteristics were satisfactory and not a factor in the longi-
tudinal evaluations. he specific dynamics used were those of cxmfigura-
tion L-5.

IS(
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SECTIONI IV

LATERAL EXPERIMENT DETAILS

1. ODJECTIVES - The main emphasis for this phase of the program
was placed on gathering the first flying qualities data on the
effects of control system augmentation on lateral approach and
landing flying qualities. The effects of control system lag and
time delay were explored using a long and short roll mode time
constant.

A secondary objective was to test the equivalency of lateral
high and low order systems.

As for the longitudinal phase, the high order systems were
drawn from the F-18A In-Flight Evaluation Program (Reference 12).
The models selected are not direct representations of the F-18A in
particular, but they are representative of advanced fighter
aircraft higher order lateral systems in general.

The characteristics of the lateral configurations evaluated
in this experiment are described in the following subsections.

2. LATERAL MECHANIZATION - The evaluation configurations were
mechanized using the NT-33 variable stability system special
electronic circuits and special digital time delay circuits.

The lateral mechanization block diagram is shown in Figure 2.
This figure applies to all configurations except two advanced
fighter aircraft configurations. For each configuration, other
than the advanced fighter higher order systems (HOS-3,4), the
complete roll rate transfer function can be constructed using the
block diagram and the data summary sheets in Section VI. Transfer
functions for the advanced fighter aircraft are presented in the
next subsection. Further details are available in Reference 12.

Swn. SAS
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Block diagram elements ares

o FILTER: 1

XD

o DIGITAL TIME DELAY: e - 8

o ACTUATOR: 1s~2 2(.71
02 + + 1
602 60

o AUGMENTED NT-33: 1

(a8+

NOTE: See Section IV-6 for exact spiral and Dutch roll
characteristics.

o GAIN: LIFAS is given for each configuration in the data
summary sheets in Section VI.

o FEUL SYSTEMs .28 (in/Ib)

- 2- 57 ) +  .1
25

NOTE: Essentially zero breakout and friction forces were
present. The Dutch roll was essentially cancelled
and the spiral mode was negligible.

3. EVALUATION CONFIGURATIONS - The evaluation configurations are
presented In Table 3. Exact configuration transfer functions can
be constructed using Figure 2 and the data summary sheets in
section VI. Since the experiment was exploratory, different
pilots were sometimes presented with slightly different versions
of a configuration. Therefore nominal values of parameters are
shown to clarify grouping of configurations.

Transfer functions for the advanced fighter aircraft are
given in Table 4. The shorthand transfer function notation of
Table 2 is used.

The data presented in Tables 3 and 4 are for the nominal 135,
KIM approach flight conditionI information for extrapolation to
the flare flight condition is given in Subsection IV-5. Other
latoral-directional characteristics are summarized in Subsection
IV-6.

Complete sets of lateral-directional transfer functions for
the advanced fighter can be found in Reference 12; HOS-3 and O06-4
are cases 4 and 3 in Reference 12.

20



TABLE 3

LATERAL EVALUATION CONFIGURATIONS (APPROACH)

(3)
CONFIG R T D REMARKS

(Sec) (Sec) (Rad/Sec)

Li (HOS-3) Advanced Fighter HOS (450 Flap)

L2 .45 .07 20 ES for Li

L3 (HOS-4) Advanced Fighter HOS (30* Flap)

L4 .45 .05 20 ES for L3
4

L4A .45 .05 20 L4 With Gain Changed

L5 .40 - 20 Sh.ort Time Constant-Lag

LSA .40 - - LS Without Lag

L6 40 - 10 Short Time Constant-Lag

L7 .40 - 5 Short Time Constant-Lag

LA .40 .09 5 L7 With Time Delay

Le .40 - 2 Short Time Constant-Lag

LBA .40 - 1 Short Time Constant-Lag

LBB .40 - .7 Short Time Constant-Lag

L9 .40 .09 20(2) Short Tim. Constant-Time Delay

LiO .40 .14 20 Short Time Constant-Time Delay

LIOA .40 .14 - LI0 Without Filter

Lii .40 .20 20 Short Time Constant-Time Delay

LilA .40 .20 20 Lii With Gain 4 Change
4

Ll2B .40 .20 20 Lli With Gain Change

LiI1C .40 .30 20 Short Time Cobstant-Tiae Delay

LiD .40 .15 2 Short Time Constant-Lag Plus
Time Delay

S21
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TABLE 3 (Continued)

LATERAL EVALUATION CONFIGURATIONS (APPROACH)

(3)CONFIG TR X D R124ARKS
C I (Sec) (Sec) (Rad/Sec)

L12 .85 - 20 Long Time Constant-Lag

L12A .85 - - L12 Without Lag

L13 .85 - 10 Long Time Constant-Lag

L14 .85 - 5 Long Time Constant-Lag

L14A .85 - 2 Long Time Constant-Lag

L14B .85 1 Long Time Constant-Lag

L15 .85 .09 20 (2) Long Time Constant-Time Delay

L16 .85 .14 20 Long Time Constant-Time Delay

L16A .85 .20 20 Long Time Constant-Time Delay

NOTES: (1) Actuator dynamics must be added (see Section IV-2);
exact gains for the transfer functions cian be deter-
mined from summary data sheets in Section VT.

(2) Because of NT-33 lateral mechanization difficulties,
a 20 rad/sec filter was typically necessary for con-
figurations in Table 3 with time delay variations.

(3) Exact roll mode time constant values are given in
Section VI.

(4) Coaund gain was varied to check its effect onequivalency.

(5) Time delay, T, given in table are identifier values
for the configurations. Total delay times for
analyses are sumation of identifier time delay,
equivalent delay in filters for tine delay network
circuit, and the surface actuators.

22
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TABLE 4

ADVANCED FIGHTER ROLL TRANSFER FUNCTIONS (APPROACH)

CONFIG. p/FAS TRANSFER FUNCTIONS

(21)
HOS-3 (3)(24) (7.5T(Ms

(21)
HOS-4 jE.97723J(15) (5)

NOTES: (1) Actuator dynamics must be added (see Section
IV-2); exact gains for the transfer functions

Section VI.

As an example of the construction of the complete P/FAS
transfer function, consider Configuration L9 (refer to data
summary sheets in Section VI and Figure 2).

For approach conditions:

P -. 09s 1 11

FAS ASM ~+ 1  s2+ 1(.) + + -

20602 60 0.4

TIME FLEACUTRAUGMENTED
DELAY FITRTCUTO-I33

3



4. LATERAL COMAND GAINS - The original strategy for ommand gain
selection was to keep the steady-state roll rate per pound of
stick force, (low frequency gain) Pas, constant within a
particular set of configurations; target values of peg were taken
f rom Reference 12. Values of psg are given for each configuration
in the data sunwary in Section VI.

Also presented are the values of initial roll control sensi-
tivity, (high frequency gain) L' F • As noted for the
longitudinal configurations with siiJificant control system
dynavics, use of high frequency gain as an indication of initial
response characteristics way not be valid.

Variations in command gain were wade. These variations are
in the data sumwary sheets in Section VI.

5. EXTRAPOLATION OF CONFIGURATION DATA TO LANDING CONDITIONS -
The differences between the approach and landing flight conditions
are suwarized in Section 111-5. Although in the context of this
exploratory experiment the effects of these differences is not
really significant, the guidelines for extrapolation of the con-
figuration data to the critical landing task are presented. For
extrapolation of the configuration data to the flare and landing
conditions the following rules apply: TR and peg increase about
10% and L'FAs decreases about 20%.

The advanced aircraft P transfer functions in Table 4
become: FAS

HOS-3 (22)

HOS-4 (22)(30) (24) (9.2) (5)

6. OTHER LATERAL-DIRECTIONAL CHARACTERISTICS - For the advanced
fighter configurations, HOS-3 and HOS-4, the - transferFAS
functions presented in Table 4 are complete. Thus instead of the
classic first-order roll rate transfer functions. these aircraft
have first over fourth high order transfer functions.

For the other evaluation configurations, the augmented roll
rate transfer function was intended to be of classic lot order
form. However, this ideal situation was not achieved exactly
because sufficient time was not available for the necessary iter-
ations during the calibration phase of the program.

For the approach flight condition, the spiral and Dutch roll
characteristics were

24

4d



WR*1.3 eI'c

T 1.3 rse

fts Doh rll ndSpina stability eoflatS Ont the roll rate
tweusfer function O were 16toi.

7.~~~~~~~ -goR~.~E R-A ~dst of longitudinal
W~ewlme o this Phase of the equivalent

p r~Pillot comentary indicated that the lo iItudinal
quaiftie were satisfactol'y. 2b*, spedfIa "we u' ~tm

of a-Cfgiaticu P-10.



SECTION V

CONDUCT OF THE EVALUATION PROGRAM

1. AFWAL/CALSPAN VARIABLE STABILITY NT-33 AIRCRAFT - The required
longitudinal and lateral configuration dynamics were mechanized
using the AFWAL variable stability T-33, operated by Calspan
(Figure 3). A complete description of the operation of the NT-33
is contained in Reference 12. In the NT-33 aircraft the evalua-
tion pilot occupies the front cockpit, while the system operator,
who occupies the rear cockpit, acts as safety pilot. The stabil-
ity and control characteristics about all three axes can be varied
in flight by changing the settings of the fly-by-wire system gain
controls in the rear cockpit. Evaluation configurations were
selected by the safety pilot using the appropriate calibrated
system gains; additional features, such as special filters and
time delay circuits, were selected using special switches in the
rear cockpit.

Figure 3. USAFICALSPAN Variable Stability NT-3
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It is important to note that the evaluation pilot cannot feel
the NT-33 control surface motions caused by the demands of the fly-
by-wire control system in reproducing the desired configuration
response characteristics.

2. CALIBRATION PROCEDURES - For the majority of the configura-
tions, standard test techniques and the digital data recorder were
used to identify the simulated evaluation configuration charac-
teristics; for the advanced fighter high order configurations,
calibration procedures were considerably more complex. The
details of these calibration procedures can be found in
Reference 12.

This program was conducted over a very short time span. The
correspondingly short time available for calibration mainly
affected the lateral experiment. By necessity, ixed lateral
gains were used. As discussed in Section VI, these led to
variations in roll mode time constant values as aircraft weight
changed. In the context of this exploratory program, these vari-
ations are not significant since the original objective was simply
to simulate both a short and a long time constant. Another impact
of the time constraint was that the peripheral lateral-directional
characteristics (Dutch roll, spiral) could not be properly
"tuned." This resulted in less than perfect turn coordination;
again, the effect on the results of this program is not considered
to be significant. Appendices C, D, and E contain both analytical
and measured flight response data for many configurations.

3. EVALUATION TASKS AND GROUND RULES - Since the exact definition
of the task is important to any flying qualities investigation,
the details of the tasks performed during each evaluation are
summarized below. These tasks, in combination, provide a solid
basis for assessing the approach and landing flying qualities of
an evaluation configuration.

o Approach and Landing Tasks:

- 3 touch-and-go flared landings (actual touchdowns) for
each evaluation.

- First landing from a straight-in approach.

- Second landing out of a mild sidestep maneuver (75 ft
lateral offset, 50 ft high, initiated at 1/4 mile).

- Third landing out of an aggressive sidestep maneuver
(150 ft lateral offset, 100 ft high initiated at 1/2
mile).

- 500 ft touchdown zone (importance of not abandoning
task stressed).

- Touchdown + 10 ft of runway centerline.

27
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-Approach airspeed + 5 kts, nominal approach angle of
attack was 10 unfts (approximately 6 degrees). At
nominal gross weight NqT-33 approach speed was 135 KIMS.

o, Evaluation Proceduret

For the evaluations performed during this program, the
evaluation pilot had no prior knowledge of the configuration under
consideration. He flew 3 complete approach and landing patterns
for each evaluation (more, if desired) and then evaluated the
flying qualities using the Cooper-Harper Rating Scale and the
Pilot Coament. Card reproduced in Figure 4.

"GuSam~P0 On""",TU T CH 6 AIUCR*M TAMES WS 1441 P410141 ""MI

GO"AC161C mn %S cmewmu."slo #waa

NW 5I "' p-WPA MW.W .e

PILOT ~ C boNET CAOND
1. um Feel chratritis Forces isplaceomwumet saifc

toryrh d Adfmpwom ow "o

-f in ia epne rdcaiiy o ia

- wWWW anyo speia pilo inputs? l

Hanytndeincy towardis Ran Scle?

PILT CMMNT28 R

1. Fel harcterstias orce, dsplcemets atifac



3. Velocity control: satisfactory?

4. Bank angle control:

- satisfactory?

- any tendency to PIO? Overcontrol?

5. Turn coordination: a problem?

6. Performance:

- approach.

- landing, most difficult?

7. Effects of wind/turbulence.

8. summary comments (brief), any change in rating?

FIGURE 4b - Pilot Comment Card

The procedure was to assign a pilot rating immediately after the
task was completed, make the comments using the card and finally,
revise the rating if desired.

o Approach Speed Considerations:

For the simulation in the NT-33, the approach was flown at
a nominal 10 units angle of attack. As the MT-33 weight varied
during a flight, the approach speed also changed; for the nominal
mid-fuel condition the approach speed in the NT-33 was 135 KIAS
while the speed in the flare was 120 KIAS.

The NT-33 was calibrated to produce the correct response
characteristics at these nominal speeds and angles of attack.
Flying at constant angle of attack held the important dynamic
characteristics approximately constant. During the flare and
landing in the field landing task the airspeed decreased approx-
imately 15 knots below the approach value.

o NT-33 Approach and Landing Configuration:

For the simulated landing approach evaluations, the NT-33
configuration was gear down, 30 deg flap and speed brakes out.

o Wind and Turbulence Considerations:

Since inclusion of wind and turbulence in a controlled
fashion was beyond the limited scale of this program, flights were
conducted without regard to the wind and turbulence level. In gen-
eral, conditions were benign. For the longitudinal evaluations, a
discrete pitch disturbance was introduced during the flare to
simulate a gust upset.
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4. EVALUATION DATA - The data from the program take three forms:
pilot ratings, piiot comments, and digital records of task perfor-
mance. Pilot rating and comment data are summarized in Section VI
and Appendices A and B respectively.

5. EVALUATION PILOTS AND SUMMARY - Four evaluation pilots pro-
duced" the flying qualities evaluation data summarized in this
report. The evaluation pilots were:

Pilot A: LCDR J. Padgett, Navy Test Pilot and Test Director
B: LCDR S. Abbot, Navy Test Pilot
C: LCDR R. Richards, Navy Test Pilot
D: Mr. R. Scott, Test Pilot, Northrop Aircraft Co.

A total of 18 evaluation flights were flown during the two
week flight program. Since the program was exploratory, every
effort was made to maximize the number of evaluations. 91
evaluations (involving approximately 250 landings) were completed
by the 4 pilots. The majority were done by Pilot A, the primary
evaluation pilot.
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SECTION VI

EVALUATION RESULTS AND OBSERVATIONS

The purpose of this section is to present the evaluation data
summary sheets and briefly discuss pertinent observations.

1. LONGITUDINAL EXPERIMENT DATA - The longitudinal pilot rating
data are presented in Table 5; pilot comments are summarized in
Appendix A. Included in the table are the necessary configuration
characteristics to allow, in conjunction with the data from Sec-
tion III, construction of the pitch rate transfer function of the
complete configuration.

Also included in the table, where appropriate, are the values
of the MCAIR equivalent system "cost function," discussed in
Section II, which compares the low-order to high-order systems as
grouped in the table. The safety pilot rating (SPR) is included
in the table to assist the analyst in evaluating the data. This
rating was given independently by the safety pilot and is really a
measure of the observed performance in the tasks

a. Effects on Pilot Rating Data of Pilot Technique - Pre-
vious flying qualities studies (References 4 and 11 for example)
have indicated that, for aircraft with significant control system
dynamics, small variations in pilot technique or task performance
standard can result in dramatic variations in the pilot rating
data. These aircraft have been appropriately described as having
lurking "flying qualities cliffs". The results from this experi-
ment also have examples of significant variations in ratings
between evaluation pilots. In analyzing the data, the following
information was considered.

Pilot A, who was the primary evaluation pilot for the overall
program, worked very hard to maintain a constant standard of task
performance despite, in some cases, the obviously poor flying qual-
ities of a particular configuration. His continuous closed-loop
flying technique was representative of typical fighter pilots. In
contrast, the other main evaluation pilot, Pilot B, sometimes
demonstrated very specialized pilot techniques when flying PiO
prone aircraft. He is an exceptionally smooth and predictive
pilot. However, when "backed into a task corner", i.e., when he
was unable to use his adaptive technique, his performance was
similar to that of Pilot A.

Pilot B's evaluation of Configuration P12 (Flt. 2073)
exemplifies a classic problem in flying qualities evaluation of
marginal highly augmented aircraft. Special piloting techniques
or task conditions can allow an aircraft to "pass" the evaluation.
But, when the same aircraft is exposed to normal piloting
techniques and to a real-world task, it is likely to "fail". And
the failure can be disastrous. During the evaluation in question,
Pilot B flow the first two landings with no real difficulty
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apparent - he was able to preplan his task and fly smoothly and
predictively. On the third approach, he inadvertently allowed the
sink rate to get too high, too close to the ground; urgent action
was required to prevent a very hard landing. The result: a full
stall, 10 feet above the runway. The pilot overcontrolled badly
because of the large time delay in the pitch control system. When
forced into a tight task his performance was the same as Pilot A
who had rated the configuration a 9.

Unfortunately he blamed himself, not the evaluation aircraft,
and after flying another approach and landing in which he was able
to return to his predictive landing technique, he gave the
aircraft a 5 rating.

The point of this example is not to designate Pilot B as a
poor evaluation pilot - he, in fact, did an excellent job on the
program - but to help the analyst interpret some of the apparent
rating anomalies. Only for configurations with large time delays
did Pilot B give ratings which are significantly different from
those of Pilot A. It is suggested that, for the reasons just
outlined, Pilot B's ratings for Flight 2073, Configurations PlOD,
P12 and Pl2D, be given special consideration. For reference,
analysis of the recorded data confirmed that the selected time
delay values were indeed present for these evaluations.

Note that Pilot D, in his relatively few evaluations, also
exhibited a very smooth and predictive style.

b. Simulation of Equivalent Systems - The experiment, as
originally planned contained precisely calculated representative
values of the mismatch function so as to evaluate "good" and
"poor" matches. However, the variable stability system (VSS) of
the NT-33 is mechanized by response feedback. A desired set of
dynamics is then achieved by calibrating the airframe dynamics as
a function of VSS gains, and interpolating and extrapolating the
VSS gains. Because of this mechanization, and the exploratory
nature of the simulation, it was decided not to expend excess
calibration flights and analysis in ensuring that the originally
suggested dynamics were precisely attained. Consequently, in som
cases the low order dynamics were not the optimum Match (i.e., the
true equivalent) of the high order dynamics. This factor did not
invalidate the results.

Table 6 summarizes the equivalent system mismatch values and
pilot ratings. First, the values in parentheses 'are analytical
L Fixed matches to the HOS, and are not configurations in the
experimental program. Next, the values of w, , I/TO2 , T, under

"LOS parameter" and the gain and cost values under "flight data
match" were actually flown. Thus, the cost value of 136 was the
actual sum-of-squares difference between P1 and P2. Part of this
difference was due to the fact that P1 has a gain of .8 and P2 a
gain of .6. Finally, the gain and cost values under "optimized
match" were determined analytically. The computer program mini-
mized the mismatch by varying gain alone. Thus when the
difference in gain between P1 and P2 was removed, a minium aost
of 43 was obtained by setting the gain of P2 at 96% of the gain of
P1.
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TABLE 6

EQUIVALENT SYSTEM PROGRAM MATCHES

FLIGHT DATA OPTIMIZED PILOT

CONFIG LOS PARAMETERS MATCH MATCH* RATINGS
HOS LOS w F l/T 2 T GAIN COST GAIN COST A B

P1 (Pl) (1.55) (.937) (.55) (.136) .8 - (.93) (36.) 2 2
P2 1.5 1.1 .5 .165 .6 136 .96 43. 2 -
P3** 3.5 .6 6.3 .115 .6 348 1.19 29. 3 -
P3A** 3.5 .6 6.3 .115 .9 34 1.19 29. - 3

P4 (P4) (1.96) (1.35) (.55) (.128) 1.3 - (.95) (20.) 3 3
P5-1 1.9 1.4 .55 .165 1.1 59 .99 23. 6 -
P5-2 1.9 1.4 .55 .165 1.0 116 .99 23. - 6
P6** 5.3 .7 12.5 .105 1.1 197 1.17 35. 4 4

P7 (P7) (1.61) (.827) (.8) (.116) .8 - (.96) (14.) 3 4
P8 1.6 .8 .8 .145 .8 18 .96 15. 5 -
P9** 4.0 .75 0 .020 .9 45 1.19 40. 3 -

Pl1 (P11) (2.6) (.60) (.8) (.19) .4 - (1.0) (.25) 6 4
P12 2.6 .6 .8 .215 .4 0.3 1.0 .27 8 6

P13 (P13) (2.22) (1.05) (.8) (.14) .5 - (.99) (2.1) 3 -
P14 2.1 1.0 .8 .135 .5 12 1.0 12. 5 -

P15 (PI5) (.79) (.47) (.8) (.178) 1.5 - (.86) (156.) 8 9
P16 .8 .6 .8 .205 1.4 179 .87 176. 8 -
P17** 1.9 .8 0 .020 1.2 121 1.0 49. 9 -

HOS is high order system
LOS is low order system

( ) Optimized equivalent system matched to HOS.
* Gains are matched to normalized HOS gains - 1.0.

Cost is the sum-of-squares frequency response difference between
LOS and HOS: for example P2-P1 difference is 136 for no optimi-
zation performed.
Time delay includes actuator, 0.020 sect.

*L free equivalent system.
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No correlation between mismatch value and rating differences
is evident in Table 6. To try and identify differences in
comments as well as ratings, a detailed examination of the
comments is made, and a discussion of this.comparison follows.

The data described above contain both "L Fixed" and "I.a
Free" equivalents. In obtaining analytical matches, freeing La is
a means to reduce the cost function and some L. free cases were
included in the experimental plan. However, the La free cases
actually flown did not necessarily have a lower cost function than
the L. fixed cases. Though the pilot ratings in Table 6 are in
closer agreement between HOS and LOS for L. free cases, for
instance configurations P3, P6 and P9, the cost function values do
not show corresponding reductions.

It should be noted that configuration P3A is also an La free
case and does have a reduced cost function. The gain for P3A is
increased relative to P3 yet the pilot rating remains equivalent.
The suggestion is that La free, as a means to reduce the cost
function, must be combined with correct choices for other LOS
parameters (i.e., gain) for best equivalency. f

c. Comparing Flying Qualities of Configurations To
determine whether low order equivalent systems have similar flying
qualities to their high order counterparts, Cooper-Harper ratings
and the pilot comments were examined.

The pilot comments allow close comparison of flying quali-
ties. In examining differences between pilot ratings it is
necessary, however, to decide what constitutes a significant
numerical rating difference.

Some contributors to pilot rating differences ares

(1) Intra-pilot variations (the pilot's own scatter, given
identical tasks and aircraft dynamics);

(2) changes in task (e.g., variations in the chosen offset
from the runway centerline and glide slope during the
approach);

(3) changes in wind and turbulence conditions;

(4) differences in aircraft dynamics due to fuel usage.

These are roughly in order of impact upon this experiment.
Normally wind and turbulence would contribute more variation.
However, conditions throughout the two weeks of the experiment
were generally calm and smooth. In fact, the last three item are
believed to have a relatively small effect on this experiment.
For convenience, the effects of all the above four causes will be
lumped together as intra-pilot scatter.
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Figure 5 compares Cooper-Harper ratings for the available
repeated evaluations. Data from both pilots A and B are pre-
sented. As usual, we would like more data to define a hard and
fast significant difference in ratings. However, the ii.tra-pilot
scatter is APR = 2 on the basis of repeat evaluations for several
configurations, and this is consistent with other experiments.
For example, the Two-Phase NT-33 simulation of Reference 16 and
subsequently analyzed in Reference 11 used APR< 2 as being
negligible. Therefore the criterion APR< 2 is choien as the test
of equivalence.

10-'o I I / /

9 OPilotA- - -

PlotR ot a
8

( w Pio/~ti~ o /ihadLwOde ytm

LAI

7

S

4

.2

1 2 3 4 li 6 7 .8 9 10
Pilot Rating (Cooper-Harper) - Repeatability

Figure S. Pilot Rolling (Coopr.Harw) - Repstablllty

(1) Pilot Ratinss For High and Low Order Systems -The

pilot ratings for the high versus low order systems are shown in
Figure 6. Pilot A ratings are used in Figure 6a, and in Figure 6b
the mean pilot ratings (all pilots) were used. These figures
suia rie the flying qualities equivalence shown in the ratings
and comme nts. The detailed comparisons are lengthy and are there-
fore shown in the Appendices. A typical example of frequency
response comparison is shown in Figure 7. The analyses of the
Appendices lead to the following general conclusions:
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(a) The rating of each La-free low order system was
equivalent to the high order system.

(b) Differences in rating, though generally within
the pilot scatter, indicated a somewhat worse
rating for the low order system than for the
high order system.

(c) Differences in rating were not correlated with
differences in the analytical mismatch, or cost,
function.

(d) Differences in rating were sometimes, but not
always, correlated with frequency response
differences at frequencies above 10 rad/sec.

(2) Analysis of Rating Differences - The evaluation
pilots in the ESP generally were consistent in numerical ratings,
but some confusing com-ents (see Appendix A) between the flying
qualities of the high order systems and their low order equiva-
lents. Any rating differences were within the pilot's own rating
scatter, which was representative of scatter seen in other flying
qualities investigations.

Figure 6 shows that, although the rating differences were
insignificant, there is an apparent consistent trend within those
differences. Specifically, the ratings for the equivalent systems
rarely were better than the high order ratings. Also, the scatter
of points in Figure 6 indicate that Level 2 pilot ratings are the
most difficult for equivalency evaluation. The following para-
graphs examine possible explanations for this. The discussion is
very cautious, since determination of significant trends within
insignificant differences is obviously fraught with traps.

(a) General Rating Differences - Figure 8 shows mean
rating differences versus misnatch value. Paradoxically, rating
differences appear to be inversely proportional to mismatch. This
suggests three possibilities. First, the mismatch values simply
may be within normal rating scatter and trends within the scatter
are meaningless. Second, the mismatch values were not large
enough to be noticeable to the pilot. Third, the mismatch as
presently calculated may not contain an element of the response
which is noticeable to the pilot. The comparison in Figure 7
showed the pilot sensitive to mismatches at very high frequencies,
and might in turn help to explain Figure 8. This idea gains some
support from Figure 9; the larger rating differences occur at the
larger time delays. However, P15 (HOS) and P16 (LOS) possessed a
large mismatch and a large delay differences, the ratings were
identical. P11 (HO) and P12 (LOS) possessed negligible mismatch
and a large delay; the rating difference was 2 points.
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Notation example:

197 HOS configuration: P4
LOS configuration: Pe

C1< Flag -' . a f-_r .,,ee._
3 Approximate msmatcv 7 __ _ _ _

i 3

2• -- 0

'Ratin Differences,
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E ,Pileot Variation of -

0- U ,<2.

O •

0 oXo 0.10 o,!. 0.2

Total Equivalent Time Delay In LOS -sec 0s11W

Figure 9. Attempted Correlation Between Rating Differences and Equivalent Delay

Figure 10 shows rating variation with delay for the ESP
configuration Pl0 through PLOD along with the rating degradation
due to delay shown in the Landing Approach High Order Systems
(LAHOS) studies of Reference 10. These previous studies used the
NT-33 data of Reference 4 to show equivalent delay is a good
correlating parameter for the high order systems. Configuration
Pl0 of ESP was a set of unaugmented dynamics having Level 1 values
of short period damping and frequency and was evaluated by Pilot A
as having Level 1 pilot ratings. Configurations P10A through PlOD
were the baseline dynamics of Pl0 with increasing amounts of pure
digital delay added. The correlation between the two sets of data
is, very good. The figure suggests a value of approximately .145
seconds as the break point where increasing time delay starts
significantly degrading pilot rating. Figure 11 shows the varia-
tion of pilot rating due to delay for all the high and low order
systems of ESP plus the LAHOS data added for comparison. The
figure shows good agreement between the two sources, LAHS and
ESP, and the data scatter is within the limits of a APR < 2
presented in Figures 5 and 6. Note that the AUOS configuatfoins
have series feel systems which is equivalent to .05 seconds of
added pure time delay to the parallel feel system of the ESP
configurations (i.e., LAHOS 2-11 and ESP P11).
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Figure 10. Crrelatl of Pilt Rating with Time Delay

(b) Largest Rating Difference - The largest differ-
ence in ratings was the P4 vs P5 (3 vs 6 respectively, APR = 3).
Unfortunately P4 was landed only once (rather than the usual 3
times) by Pilot A, so the rating of 3 is suspect. Pilot B flew a
full evaluation of configuration P4 and awarded it ratings of 4
and 3. However in flying P4, Pilot B's rating of 3 was
accompanied by a comment that he "worked hard" which is
inconsistent with the rating. For P5, Pilot A "over controlled
final responses, quick response" and encountered "small oscil-
lations in flare and touchdown, small amplitude PIO", and said
"Quick inputs caused PIO's". The Neal-Smith analysis of flight
records in Appendix F does not shed much light on this question.
Returning to open-loop correlations, though it is tempting to
ascribe the piloting differences to high frequency mismatch (see
the initial step time history mismatch between P4 and P5 in Figure
D-3 and Figure 7). However, P1 and P2 exhibit a similar type of
time history mismatch (Appendix D) but got the same ratings with
no striking difference in comments.

47

I



10

Coafigurion W
9- 0 LAHOS 2. 0.AS 2.2

ALANHOS4- 1.06 2.0

r C1 ESP Pio 0.60 2.6" . ... 2114&4-11
ESP HOW6 Various PilotA P PI P12

* ESP LOS!& Various DJ_ O N7 Actual configuration number...PO'

swm by point. Dobe digit
identifiers are LA OS,

P --idetifirs a ESP

0- 2"20, __,_ __--___,.,1z 4 2,20

" P7 P13 PIOB
3 ----I P0AO 0I, -

P4
2-1

4- PlQ,so 2 Note:
4-1 Darkened points are pure transport

1 delay, otherwise ~ae 0ytilmly derivle
equivlent delay.
LAHOS: See AFFDL-TR-78-122. (Ref. 4).

0 0.05 0.10 0.16 0.20 0.25 0.30

Total Time Delay -sec

Figure 11. Comparison of Pilot Rating Varatlon with Time Delay
for LAHOS and ESP

Configuration P5 has the most abrupt initial response
(following the delay) of the longitudinal data. During the
experiment, Pilot A explored this abruptness by flying this
configuration again, but with a reduced gain (PMB) (see Appendix
C, Figure C-2 and Figure 7). This change reduced the initial
response slope and matched high frequency gain (w - 5 to 10
rad/sec) more closely. The rating improved to 3, the same as the
Be6 P4. This suggests that gains for equivalent systems with
large delays should match high frequency, not low frequency gain.
This is related to the piloting problems noted by Dilrance
(Reference 2). However, the pilot comments are confusing. for
examle, the pilot did not mention heavy control forces in P5B
even though they were undoubtedly heavier than PS, which he said
had *slightly heavy" forces but a quick response."

He mntioned (for PS) "Slight hesitation, tendency to over
control," "had to put input in and wait," and "could over control
nose in flare-minor problem," with the rating of 3.

All of this possibly points to a high frequency piloting
phenomenon. Again, this is not conclusive - there are inoonsis-
tent elements in the coments and it is possible that the results
are simply on the extreme of normal rating scatter.
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.2. DISCUSSION OF LONGITUDINAL RESULTS - A review of the
equivalency data shows that rather large mismatches proved
insignificant to the pilot. For example, previous work had used a
value of 10 as an arbitrary measure of an acceptable fit. The
criterion was the visual appearance of the match when observed on
a Bode plot. Though this criterion was rooted in instinct rather
than science, the unnoticed mismatches of a hundred or so, which
resulted from data comparisons subsequent to the pilot's evalu-
ations, demand some explanation. Reference 14 extends a theory
which explains th1 insensitivity using the previous NT-33 data of
Neal and Smith and the LAHOS results (Reference 3 and 10).

Reference 14 develops frequency response envelopes of allow-
able mismatch. These envelopes were constructed by observing
which types of high order dynamics in the Neal-Smith and LAHOS
experiments caused a degradation in rating when compared with low
order dynamics (for example, Figure 12). The low order dynamics
in the present ESP contained actual time delays, which were not
present in the Neal-Smith and LAHOS low order systems. However,
the envelopes provide one way of examining the mismatches in ESP.
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Figures 13a through 13f compare the mismatches of the high
and low order systems with the envelopes. In Figure 13 the larger
violations of the envelopes tend to be accompanied by larger pilot
rating differences. This trend is not true in Figures 13b and
13f. In terms of frequency responses, it is likely that the large
phase lags at very high frequencies (>10 rad/sec) due to delays,
or the higher gain of the equivalent system at high frequencies,
are affecting the rating. The obvious next step is to examine
mismatches beyond 10 rad/sec. This might mean a closer
examination of any variable stability system contribution to the
dynamics. In terms of time responses, the differences between
initial responses (clearly evident in the step responses of
Appendix D) may be noticeable to the pilot.

The envelopes were developed to examine differences in
dynamic response shape, without taking account of gain
differences. Since gain is a factor in the data of Figure 13, the
envelopes appear to be a promising tool for evaluation of
significant differences.

a. Gain Effects - As a starting point in this program and
consideration of minimum cost, the equivalent system steady-state
gain was selected to keep the constant speed pitch rate step
response the same as that of the high order system. In most
cases, this strategy worked fairly well; however, there is
evidence that a more careful study of the question of gain is
required.

Configuration PS, the equivalent system for P4, was a close
match for w < 5 rad/sec but was downrated because of high pitch
sensitivity aid the "equivalency" was poor. When the steady-state
gain was reduced, as in Configuration P5B, the shape of the fre-
quency response was different with only a localized match in the
area of 8 rad/sec. However, for P5B an equivalency in both pilot
rating and comments was achieved with P4.

Just what "gain" is important is not clear. Preliminary
evidence would indicate that the high frequency gain, i.*e., higher
than the 10 rad/sec cut off in the matching process, is important.
It is this gain which essentially determines the initial, response
characteristics.

b. Special Filter Effects - A very quick look was atteapted
during the program (see Configurations P12A through D) into the
effectiveness of special lead/lag filters which change the control
system transfer function phase significantly in a particular
frequency range. The intent was to shed some light On the
controversy surrounding the use of the 14IL-P-8785C control syston
requirement (Para. 3.5.3) which is based on phase angle at a
particular frequency.
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PilotRating Coni Wgp LO r Renwi

2 Pi - - - HOS-1
2 P2 1.5 1.1 0.5 0.12 ES for P1,L6 Fixed
4 P2A 1.6 0.8 0.5 0.12 P2 with Gain Changed
3 P3 2.6 0,6 6.3 0.07 ES for P1, La1 Free
3 P3A 2.8 0.6 6.3 0.07 P3 with Gain Changed

PgROM 12. Equkaen System MI#mtohe with 101N
Analytical Response Calculations
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Pilot Rating Configuration (A LU Refurks

4 P7 - - - (HOS-LAHOS Config 4-3)
5 P8 1.6 0.8 0.8 0.10 ES for P7, LoFixed

3 P12.6 0.6 - - ES for P7 LOFree

no"w 1kt. 111111011d SUlM Mmaledhe 1110 P714HOS
Faired Foudie Transform Data
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Two types of lead/lag networks were tested. The first, (S±2)

was designed to negate all phase lag introduced by the fourth
order lag pre-filter at approximately the short period frequency.
It can be considered a 'fix' for an aircraft which dos not meets+10, a
the lag requirement of the MIL Spec. The second, ,S+10)
designed to introduce lead compensation at higher frequencies.
Note that lead/lag compensation can eliminate phase lag due to
time delay only in P. restricted frequency range. This is because
time delay produces phase lag proportional to frequency, and a
lead/lag introduces only a local phase shift. For first order
compensation, phase shift is theoretically limited to 900 and in a
practical implementation is limited to les than 90'.

Figure 14 shows Bode plots of the two lead/lag networks added
to configuration P12. Due to the limitations of the simulation
equipment, it was .not possible to add the lead/lag network
directly to the high order baseline system (P1). Because of
this, the compensation network was added to the equivalent system
(P12) for evaluation of lead/lag effects. The validity of the
conclusions should not be affected by the use of this technique,
since the equivalent system was flown and directly compared to the
high order system. The result of this comparison showed a
negligible change in pilot's comments and ratings (see Appendix
A).

Figure 15 shows, for clarification, the Bode plots of the
incremental response characteristics of the two filter networks.
The respective frequency ranges of filter effectivity on responses
are apparent, without the baseline system or steady state gain
variations superimposed. A summary of the different .'wfigura-
tions and Cooper-Harper pilot rating is showjoolow.

Lead/Lag Steady Coopow-Harper
Config Comments Network State Gain Pilot Rating

PII Baseline High None .4 6
Order System

P12A Equiv. System of S+2 .4 10
Baseline H.O.S. S

P12D Equiv. System of S+2 .2 8
Baseline H.O.S. S+6

P12B Equiv. System of S+10 .9 9
Baseline H.O.S. 8+2

P12C Equiv. System of S+10 .5 5
Baseline H.O.S.

Steady state gain variation showed the effect of different
initial and final response characteristics. Pilot comments indi-
cated that the abruptness of response following the time delay was
particularly troublesome with low frequency lead copenaation and
unchanged steady state gain. Reducing the gain reduced this
abruptness but the flying qualities were still not a significant
improvement over the uncompensated dynamics.
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Figure 16. Analytical Frequency Response Increments, LeIdlLag Filter Networks

The data, pilot comments, and ratings show that the lead
compensation only affects the response after a finite time, and
the initial response remains unchanged. The pilot feels the'
initial slow response and acts accordingly, then the lead comes
into play with an abrupt onset, giving the pilot a totally dif-
ferent set of control dynamics. This is verified by equivalent
systems determined for the lead compensated dynamics. The most
visible example of this is where the baseline, Configuration P11
(PR - 6), was given low frequency compensation, P12A. The pilot
entered a violent PIe in the flare maneuver and the rating was
degraded to I0.
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While the lead/lag filters can be designed to reduce phase
lags at a specific frequency, the wide band (i.e., frequency)
effects are detrimental to handling qualities. For these reasons,
lead/lag filters are not suitable for piloting tasks requiring
accurate flight path and/or attitude control.

The results are inconclusive. It is apparent from the rating
summary of Configuration 12 versions that the high frequency gain
is important and must be adjusted to compensate for the high
frequency amplification effects of the filters. When this adjust-
ment is made - as in Configuration 12C compared with Configuration
12 (Pilot A) - the pilot rating improves although the comments
still indicate PIO problems. In contrast, Configuration 12D
(Pilot A; Pilot B rating is excluded as discussed in Section
VI-l.a) compared with Configuration 12 shows no significant change
in rating with the gain adjusted. Clearly, more evaluation data
are required before sensible comments on the effects of selective
filtering can be made. It is also clear that the full effects of
such filters should be evaluated before they are incorporated into
a design.

c. Time Delay Effects - The results for Configuration
P1OA-D, and P12 represent a mini-experiment to investigate the
effects of added time delay. Pilot ratings from Pilots A and B
are plotted in Figure 16; the time delay is additional transport
time delay incorporated into the system and does include
sufficient effective time delay for the analog filters inherent in
the time delay network circuit and the effective delay from the
high frequency elevator actuator (approximately 45 millisec plus
20 millisec, respectively).

Results indicate a threshold of about 145 millisecs before
time delay affects the flying qualities of a basic Level 1
aircraft. The Level 1 boundary is approximately 165 ma including
all increments of equivalent delay; Level 2 boundary is 215 ms.

Flight data with Pilot A in Configuration P1O, IUC and IOD
are plotted in frequency response form in Figure 17. The larger
phase lags at high frequency, caused by increased time delay,
correspond to degradation in pilot rating.

d. Task Observations - The critical part o: the evaluation
task was the flare and touchdown portion of the task - the last 50
ft before touchdown - as previously observed in Aeference 4. It
is therefore imperative that actual touchdowns b included in
evaluation tasks designed to expose potential longitudinal
approach and landing flying qualities problems. Therefore, the
evaluation pilots should be reminded of the importance to adhere
to the ground rules for the investigation as defined in Section V.
Further, the pilot must be instructed to make precise positive
landings, not just allow the aircraft to settle. If necessary,
the task may be tightened artificially (such as by glidesLope and
localiser offsets) in order to force high-bandwidth control
inputs. 60i
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3. COMPARISON OF LONGITUDINAL DATA WITH KIL-F-8785C - The low
order equivalent system parameters are used in evaluating the
longitudinal maneuvering and dynamic characteristics as specified
in NIL-F-8785C. In Table 7, the Level for each of the
configurations and short-period requirements is compared with the
Level bsed on the Cooper-Harper operational ratings reported by
the pilots. The basic configuration for this experiment is a
Level 1 aircraft based on NIL-F-8735C boundaries (see Figures 18
and 19) and is essentially configuration 2-1 from Reference 4.

Correlation between the specification items and the pilot
evaluation of handling qualities is good in Table 7. The few
instances of discrepancy were the lags, and sometimes also the
daiping ratiol the specification generally assigned the configura-
tion an equal or worse Level than the pilots' rating. When the
pilot rating resulted in a better Level, the phase lag or time lag
differences were borderline cases between Levels for. the
specification definition.
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In several instances, configurations with special ccabi-

nations of lag and time delay mistakenly evolved. These
configurations are also included in the data summary.

a. Effects on Pilot Rating Data of Pilot Technique - The
only comunent in this area for the lateral data is to suggest that
the data for Pilot D be excluded from any data analysis. Reasons
for this comment are given in Subsection VI-l.a.

b. Laternl Equivalence - The NT-33 has a response-feedback
variable stability system as opposed to a model-following system.
The feedback gains necessary to simulate desired dynamics there-
fore must be established using prior knowledge of the basic NT-33
calculation of appropriate feedback values, and a series of
calibration runs to allow interpolation of gain values. It was
decided not to expend a significant part of the limited available
time on this activity because of the following factors:

o A generic study of lateral-directional dynamics had not
been conducted on the NT-33 for some years, and therefore
the lateral directional dynamics of the aircraft with its
current equipment had not been verified recently.

o Significant changes in roll inertia occur during a flight
as fuel is burned from the tip tanks (as mentioned in VI-3
above).

o The lack of data on lateral augmented dynamics strongly
suggested that as large a data base as possible be
established as well as addressing the particular question
of equivalence.

For these reasons, the exact values of roll mode time
constant required for true equivalence were not obtained. The
result was relatively high cost functions for the equivalent
systems: for L2, - 110; for L4, - 190. Despite these mismatches
the pilots ratings were equivalent in the comparison of high order
configurations Ll and L3 with L2 and L4 respectively. Since these
four configurations are the extent of equivalent system verifi-
cation cases, additional analysis of low order systems for
equivalency is dependent on comparison of lateral equivalent
pairs. The mismatch values for these pairs are. included in
Appendix D with the analytical comparisons of the systems.

Appendix C contains detailed comparisons of the pilot ratings

and comments for the lateral equivalent pairs.

5. DISCUSSION OF LATERAL RESULTS

a. Gain Effects - As for the longitudinal data, the gain
strategy was to acheve approximately the same values of steady-
state roll rate per lb as achieved in the advanced fighter high
order systems (HOS-3,4). Selection of the equivalent system gain
is clearly an important factor in exploring equivalency; witness
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Configuration L4 and L4A. Even when the L4 lateral gain was
reduced in Configuration L4A, to agree more closely with HOS-4,
the comments still did not indicate equivalency. More data are
required before this issue can be properly understood.

For the configurations evaluated with various levels of time
delay, it appears that the high frequency gain, L'FAS is an
important factor. Configurations ,10 and LllC, for example, are
downrated by the pilot for abruptness - delayed, then too sensi-
tive - even though the command gain, and therefore L'pAS , is
similar to that of Configuration L9 which was satisfactory in all
respects. Since gain was not varied in an orderly fashion for
these configurations, the effects cannot be properly evaluated.
It would appear that aircraft with large time delays require lover
gains to avoid problems with abruptness. Whether the overall
flying qualities can be improved by correct gain selection is a
question which is not answered by this exploratory experiment but
which needs answering.

b. Lag Effects - The pilot ratings for Pilots A and C are
plotted against the time constant (lAXD) of the first-order
control system lag in Figure 20. The trends are supported by the
frequency response characteristics for two roll mode time
constants in Figures 21 and 22.
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Figure 21. Effect of Lag Time Constant, 1AD, with "Short"T R

Both the Level 1 (L5) and the Level 2 (L12) baseline config-
urations (CR of 0.4 and 0.9 secs respectively) are unaffected by
control system lag until the time constant reaches about .15 sacs.
The degradation rate with further increases in time constant is
similar for both values of T R" Also, for an otherwise
satisfactory aircraft the control system lag time constant should
be less than .25 secs for Level 1 lateral flying qualities.
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Figure 22. Effect of Log Time Constant, VAO, with "LonW": R

c. Time Delay Effects - The pilot ratings of P.Lo to A and C
are plotted against the additional time delay in Figure 23. These
results are hardly definitive considering the small data sit and
the scatter in the ratings;~ however, the following observations
can be presented. Note that because of mechanization
difficulties, for these configurations with time delays added, a
first-order 20 rad/sec filter was also included. The effect of
this lag on the flying qualities of the baseline configurati .%
L5 and L12, is not significant. it it'is assumed that Configi. 4-
tions LA and L10 were rated poor because of high commnand gains,
then the trend arrows can be drawn as shown. The trends indicate
that both the Level I (LS) and Level 2 ML12) baseline configura-
tions are not affected by transport time delays until the delay
reaches about 175 millisec. Degradation with further time delay
is shown for both base configurations. For an otherwise satis-
factory aircraft, the control system time delay should be le*s
than approximately 230 millisec total for Level 1 lateraL flying
qualities and less than 300 me for Level 2. Also, Figure 24
illustrates the effects of additional time delay on the frequency
response characteristics of Configuration LLIC, compared to
baseline Configuration L5.
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Again, the data is hardly definitive but should serve as a
basis for further work. A general comment would be that the
tolerance to time delay may be higher for the lateral axis than it
is for the longitudinal.

d. Task Observations - The lateral comments indicate that
the critical lateral tasks were the sidestep maneuvers which were
performed with reference to the real runway. In general, lateral
problems were noted higher on the approach (say 100 to 200 ft
during the sidesteps) rather than close to the runway (last 50 ft)
whore the longitudinal problems occurred. Of course, the
evaluations were not performed in significant crosswinds and
turbulence which would make the final stage of the lateral task
nore critical.

6. DATA ANALYSIS METHODS - In addition to the in-flight pilot
ratings, several techniques have been used in analysis of the the
Nquivalent Systems Program data. Results from these analyses have
been used in the discussions in Sections VI-2 and VI-3, and the
detailed analyses are presented in Appendices A through V.
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Figure 24. Effect of Time Delay, Friquency Domain

The pilots' comments in Appendices A and B are repeated fromthe original CALSPAN Report 6241-F-3 (Reference 9). In Appendix
C, comparisons of high and low order systems designated as
equivalents are plotted in terms of frequency response for the
measured test data. The analytical pitch rate response
characteristics, as programmed for the test, are presented' in
Appendix D with the step time history matches for each
configurations.

The in-flight time history data for the landing tasks areplotted in Appendix E for a selected group of the configurations.
The majority of flights shown are with Pilot A. For each time
history a Past Fourier Transform method of analysis is used to
present frequency domain characteristics just prior to touchdown.

The Neal and Smith closed-loop analysis technique was applied
to the Zquivalent Systems Program data for both longitudinal and
lateral sets of dynamics. Results are presented in Appendix F.
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SECTION VIV

RECOMMENDATIONS

This short in-flight evaluation program to study the validity
of the equivalent system concept and the flying qualits effects
of additional control system dynamics should be viewed 4s explora-
tory. Although the results derived from the p*dgram are
informative, more data is required to expand and substantiate the
results. Specifically, the following recommendations are
presented:

(1) The verification test for lateral equivalent sytos was
inconclusive in this evaluation program. .o work is,
therefore, required to explore the valdi of the
lateral equivalent system concept as a flyi 'qualities
analysis method for highly augmented fighter aft-craft.

(2) The data on the effects of control system dynamics on
fighter lateral approach and landing flying,' qualities
gathered in this experiment represents the JJ.rst step
towards building an appropriate data base ,m which
suitable requirements can be derived. More lateral data
is required for all critical tasks, includixig up and
away tasks.

(3) While the results of the verification test for longi-
tudinal equivalent systems were encouraging, several
peripheral areas require further study. The 4effects of
high frequency gain should be the subject of further
careful study; results of such a study would provide a
better understanding of the frequency range over which
the equivalent system should be donstructed.

(4) The effects of time delay on flying qualities is perti-
nent to today's fighter aircraft with the advent of the
digital flight control system. A careful study of the
effects of time delay on longitudinal and lateral flying
qualities should be undertaken using the results of this
experiment as a basis for the experiment. There was
some evidence in this program that the desired "control
sensitivity" was a function of the time delay present;
this effect should be studied in a follow-on experiient.
These recommendations also apply to the critical up and
away tasks, such as tracking.
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(5) Recent in-flight simuLation pperience in evaluations of
the F-18, YF-17, F-16 and Space Shuttle indicates a
dramatic difference In the Esults of flying qualities
evaluations for critical tasks performed in ground
simulators as opposed to in-flight simulators, such as
the NT-33. It would sem approprietw, and technically
important, to understand and clarify these differences.
A step in that direction would be to repeat some of the
evaluations from this experimpnt on a sophisticated
ground simulator. Such an experiment would require very
careful preparation, particularly in defining the eval-
uation tasks and preparing the evaluation pilot.

(6) The addition of pure digital time delay to low-order
systems can result in excessive phase lags at high
frequencies. Although lead/lag filters will -tailor the
phase lag at a specific response frequency, it is advis-
able to be alert for potentially adverse effects of
filters on the broadband requirements of piloting tasks
which require accurate flight path and/or attitude
control.

(7) Although a demanding task for the evaluations serves to
give consistent pilot ratings, a skilled pilot inadver-
tantly may mask poor handling qualities by avoiding the
faults of the control configuration and report mislead-
ing pilot ratings. Repeat evaluations and/or alternate
pilots will help to identify anomalies in ratings due to
pilot technique.

(8) The Fast Fburier Transform method of converting time
history data to the frequency domain is an efficient
technique for response analyses and verification of
configuration descriptions in an equivalent systems
program.
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APPENDIX A

LONGITUDINAL PILOT COIMIUTS

Brief summaries of the pertinent pilot cosments for the
longitudinal evaluation configurations are presented in this
Appendix. The heading block information is consistent with the
data sumiary table in Section VI-l. Note that the digit after the
flight number represents the order in which the evaluation was
performed on that flight.
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CONFIGURATION HOS-l w. r %IA qS/lb DELAY CARD FLIGHT

P .. 2072-1

PILOT RATING (SP) LOS - - /0.8 - PILOT

2 (3) A

FEEL FORCES, OISPLACEMENTS - Ro P so
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSES - Teeniest bit of overcon-ro3.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE on nose but predictable.
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: Okay
SAT ISFACTORY?

BANK ANGLE SATISFACTORY? -
CONTROL: Yes

ANY TENDENCY TO -
PIO? OVERCONTROL? No

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - No problems.

LANDING. MOST - Yes# %ended to land a bit long.
DIFFICULT?

EFFECTS OF
WINO/TURBULENCE: None

SUMMARY COMMENTS: Flace Okay. Predictable aircraft.
ANY CHANGE IN
RATING?

NOTEI; Advanced fighter KOS (450 flap)

so
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CONFIGURATION HOS-l W ADAN SO /b DELAY CARD FLIGHT

Fi / 2070-2

PILOT RATING (SP) LOS - - 0.8 PILOT

2 (3) 3

- -r- l-

FEEL FORCES, DISPLACEMENTS - p
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Good
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - Good
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM ,TASK. ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS P 1O? - No, ballooned from gust

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATSFRAToRY? - ittle bit sensitive laterally
CONTROL:

ANY TENDENCY TO - Sidesteps worked out real
PIO? OVERCONTROL? well - No PIO tendency

TURN COORDINATION:

A PROBLEM? 0kq

PERFORMANCE: APPROACH Good

LANDING, MOST - Good
DIFFICULT?

EFFECTS OF No effect
WIND/TURBULENCE:

SUMMARY COMMENTS: Neligible deficiencies
ANY CHANGE IN
RATIN?

NOTE: Advanced fighter HOS (451 flap)
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CONFIGURATION OS-1 C " A-MN 4 9/lb DELAY CARD FLIGHT

1 V 2068-2
PILOT RATING (SPA LOS - - 0.8 PILOT

3 (3) C

FEEL FORCES, DISPLACEMENTS - satLsfactory, slightly "looser"
CHARACTERISTICS: SATISFACTORY? than first configuration

ANY COMPLAINTS ABOUT - no problems except when
SENSITIVITY? countering simulated gusts

PITCH ATTITUDE INITIAL RESPONSE, - very predictable
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFOR14 TASK: ANY SPECIAL PILOT INPUTS? - none

ANY TENDENCY TOWARDS PIO? - none

VELOCITY CONTROL:"

SATISFACTORY? no problems

BANK ANGLE SATISFACTORY? - yes
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? okay

PERFORMANCE: APPROACH - no problems

LANDING, MOST - yes, but no problem
DIFFICULT?

EFFECTS OF light. mild X-vind;
WIND/TURULENCE: lgt a factornot a ftctor

SWHAY COMMENTS: Ratng a 2 to 3.
ANY CHANGE IN
RAT ING?

NVIC: Advanced fighter NOS (45" flap)
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CONFIGURATION NODS W AD/AN q 3 /b DELAY CARD FLIGHT

P2 2072-3

PILOT RATING (SP) toS 1.S 1.1 0.7/0.S 0.6 .12 PILOT

2(3)' / A

FEEL FORCES, DISPLACEMENTS - Find
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - When slow after landing
SENSITIVITY? longitudinal sensitivity low.

PITCH ATTITUDE INITIAL RESPONSE, Normal initial response Okay,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE predictable final response.
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - No problems

ANY TENDENCY TOWARDS PIO? - Little bit of overcontrol
at touchdowr4 stick forces

V ELOC ITY CONTROL:fata1:3ihg
SATISFACTORY? Yes

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO -
PIO? OVERCONTROL?

TURN COORDINATION: No problem.

A PROBLEM?

PERFORMANCE: APPROACH - No problems.

LANDING, MOST - Heavylongitudinal forces
DIFFICULT? in last bit of flare and

touchdown.

EFFECTS OF
WIND/TURBULENCE: None

SUMMARY COMMENTS: Nothing to add.
ANY CHANGE IN
RATING?

NOE: ES for P1, L. Fixed
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coNFIURAIO mOs 0 A % */lb DELAY Cm- FUSIE

PILOT RATIN CI LOS 1.6 0,8 .7/0.S' 1.0 .12 , PILOT
4 (4) 1"

FEEL FORCES, OISPLACEMENTS - lateral- okay but too sensitive
CHARACTERISTICS: SATISFACTORY? lngituadnal - too muchseuiti.ity

ANY CO4PLAINTS ABOUT -

SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE,. over sensitive
SESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REWOIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - had to keep W inputs small

ANY TENDENCY TOWARDS P1O? - slisht tendency to P1O

VELOCITY CONTROL:
SATISFACTORY? satsfactot,

BANK ANGLE SATISFACTORY? - sstisfactory
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? satisfactory

Wo.ROMANCE: APPROACH - sensitivity d,,n'tshow up
in approach

LANDING, MOST - yes, because of sensitivity
DIFFICULT? pzoblem

IFFECTS OF rime
VIND/TURBULENCE:

SUMMARY COMMIENTS:
ANY CHANGE IN Could do job but too se tive in ptch. No tendi it. to
RATING? overcontrol after touchdown as in preious contiguratis.

4'TE.: ES for P1, L.L Fixed
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CONF.. .. . .*- . .... .. . . . ... . . . _ I- I

HOSIATO NN ~ W AD, 3%$Ab DELAY CARD PLIGH

- ,- .- - - i -' l l" I i"

p..xs WoO -4 ,! o v .. .Z

PILOT RATIN (IP) LOS 2.6 0.6 .7/4.3 0.6 .07 I PILOT

3 (3) /A_ _

FEEL FORCES, DISPLACEMENTS - Okey slightly heavy
CHARACTERISTICS: SATISFACTORY? logitudinally in flare.

ANY COMPLAINTS ABOUT - NO
SENSIT IV ITY?

PITCH ATTITUDE INITIAL RESPONSE, - Litti* lag tended slIght
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE ovecotrol.
REQUIRED TO
PERFORM K: ANY SPECIAL PILOT INPUTS? - Little twiide~y to putLnpmt in then wait.

ANY TENDENCY TOADS PIO? - it

VELOCITY CONTROL:
SATISFACTORY? OkW

DANK ANGLE SATISFACTORY? - fi
CONTROL:

ANY TENDENCY TO Ok*
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? k

PERFORMANCE: APPROACN Piee of cake.

LANDING, MOST - Little overcontrol in
DIFFICULT? flare and lift off-.

EFFECTS OF
WIND/TURBULENCE: NOW

SRIARY C"tfENTS: No caments.
ANY CHANGE INRATINIG?

NOTE: Reduced gain L6 free equivalent of. P1

SII



CONFIGURATION NOS W- A' AN, 4,$Ib DELAY CARD FLIGHT
. .. ... .. . . . . . . . .. . .. .

PiLOT.I/Tin; (SP) Los 2.6 0.6 0.7/6.3 0.9 .07 PILOT

S(3)

FEEL FORCES, DISPLACEM4ENTS - Okay at first.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Not too bad longitudinally.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE$ - Okay
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - Tendency to overcontrol :
Ln flare.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - No complaints.
CONTROL:

ANY TENDENCY TO - No
P]O? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? No problem.

PERFORMANCE: APPROACH -Okay

LANDING, MOST- Okay
DIFFICULT?

EFFECTS OF
WIND/TURDULENCE: NOne

SUMMARY COMENTS:
ANY CHANGE IN No €omeit.
RATING?

NOTE: Increased gain L5  free equivalent of P1
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CONF IGURATION HOW b DA K0 k

P4 /2071-4
PILOT RATIN (SP) LOS* - o1.3' ILOT '" ,

3 (3) A

FEEL FORCES, DISPLACEMENTS -S in ..
CHARACTERISTICS: SATISFACTORY?

ANY CMPLAINTS ABOUT NO
SENSITIVITY?

PITCH ATTITUDE INITIAL. RESPONSE, Little bit of overcontrl du
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE to lag in flare.
REQUIRED TO
PE.RFORM TASK: ANY SPECIAL PILOT INPUTS? - Po

ANY TENDENCY TOWARDS P 1O? - No

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? -Yes

CONTROL:
ANY TENDENCY TO -Io
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? Okay

PERFORMANCE: APPROACH - No problems.

LANDING, MOST - Yes, slight overcontrol.
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE:

SUI s,%RY04NS
NicAY COEN Nice until flare then Aotletd Iag. Sight ovorcontrai-

ANY CHANGE IN Sih
RATING?-

NOTE: Advanced Fighter HOS (300 flap)
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P OT____r _ j P  L s  A' 1  " P "... -
CONFIBURATIdN- HOW5- -1 - b BELAY VVL4i

P4 V 207S1

PILOT RATING (SP LOS - -l.PIT

4 (3)

FEEL FORCES, DISPLACEMENTS a no emnts
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Uttle more sensitive pitch
SENSITIVITY? and roll than seen before.

PITCH ATTITUDE INITIAL RESPONSE,- Tda@y t overcmral due
RESPONSE TO INPUTS PRE4I1CTABILITY OF FINAL RESPONSE to sensitivity, got better
REWIRED TO with exposure.
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PlO? - No

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Okay
CONTROL:

ANY TENDENCY TO -Okay
PlO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? No problem.

PERFORMANCE: APPROACH - Uttle easier.

LANDING, MOST - Yes, but no real problems.
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: None

21MY COMMET~fS:
ANY CHANGE IN orked hard In flare, landed long first time or two.
RATING?

NOTE: Advanced Fighter HgS (309 flip)
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OFIURATION MOS-2 .L f/lb DELAY- CAR FLE
II-W-

PILOta7 RAT (IP) LOS - 1.3 - PILOT

3(3) (

FEEL FORCES, DISPLACEMENTS- OAW
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Okay
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE. - Little difficult to establish
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE initial pitch attitude, werked
REQUIRED TO fairly hard.
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - No.

ANY TENDENCY TOWARDS PIO? - No.

VELOCITY CONTROL: Okay
SATI SFACTCRY?

BANK ANGLE SATISFACTORY? -
CONTROL: 1ka.

ANY TENDENCY TO
PIO? OVERCONTROL?

TURN COORDINATION: N rbe
A PROBLEM? No problem

PERFORMANCE: APPROACH pretty good.

LANDING, MOST Lttle worse but not bad.
DIFFICULT?

SUIIARY COMMENTS: g aw little "tluag in pitch but a Wdor problem.

RATt~g?

NTE: Advanced Fighter NOS (306 flap)

Ia
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CONFIGURAION MbS-i I~ ~' ~ ~ ~ 4L PcAy ~ v~~~

P4A - 207V$

PILOT PATINO (SP LOS -/- 14 -

2(3) , A

FEEL FORCS, DISPLACEMENTS 1 s
CHARACTERISTICS: SATISFACTORY? . ' m ';

ANY COMPLAINTS ABOUT No,
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE9 ?I,-tbi o Ag
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE cwOttol of nose.
REQUIRED TO
PERFOR, TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - No tendency to P1O.

VELOCITY CONTROL:
SATISFACTORY? Oay

BANK ANGLE SATISFACTORY? - "
CONTROL: Ye

ANY TENDENCY TO Io
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH.

LANDING, MOST-
DIFFICULT?

EFFECTS OF
* IWIND/TURBULENCE: .very 41 .

SUHARY COMME Sfrs: oa o:f tsWt f l o Ifaveiy pre 1ctale. Rating 2 o 3"
ANY CHANGE IN
RATIE: ... .. ......
;WnTE: P4 with reduced gan Onl 1 landing pbt~ors'ed. . .



C Ro . ,b DELAY CARD FLIGHT

PS 09

PILOT RATINS (SP) LOS 1.9 1.4 0.7/0.5 1.1 .12 - PILOT

VA
6 (6) A

FEEL FORCES, DISPLACEMENTS - Slightly heavy longitudinally.
CWARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Okay
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Overcontrolled final response,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE quick response.
REWUIRED TOpER FORR TAS: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - Small oscillations in flare
and touchdown, small amplitude

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - jPkay
CONTROL:

ANY TENDENCY TO - No
PIO? OVERCONTROL?

TURN COORDINATION: Okay

A PROBLEM? Oky

PERFORMANCE: APPROACH - No Problem

LANDING, MOST - Yes, small, quick oscillation
DIFFICULT? L flarse.

EFFECTS OF
WIND/TURBULENCE: None

SUMARY COMMENTS: Quick inputs caused PlO's.
ANY CHANGE IN Nice airplane until quick inputs &plied. Good if satisfied
RATING? vith a landing 500' long.

NOTE: ES for P4, L. fixed.
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CONFIGURATION NOS W ' AD/AN #s11b DELAY CARD FLIGHT

PS 2073-3

PILOT RATING (SP) LOS 1.9 1.4 0.7/O.s5 1.0 .12 - PILOT

6 (5) "/ -  1

FEEL FORCES, DISPLACEMENTS - Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Liiitui~nal was too sensitive.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, J~t" Setting what I wanted
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE or when.
REQUIRED TO
PERFOR14 TASK: ANY SPECIAL PILOT INPUTS? - Yes, careful attention

ANY TENDENCY TOWARDS PIO? - required, had to lower gain.
No, but worked stick hard to
avoid.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? -Yes
CONTROL:

ANY TENDENCY TO - Bgnking set up bobble in pitch
PIO? OVERCOrTROL? axs.

TURN COORDINATION:

A PROBLEM? Not a problem.

PERFOPJ4ANCE: APPROACH - Much better than landing.

LANDING ,MOST - Yes
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

SUMMA Y COMMENTS:
ANY CHANGE IN Iordrsona7.
RATING?

NOTE: ES for P4, L fixed
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CONFIGUJRATION4 NOS Cii Ar/AM g55/lb DELAY CARD7 FLIGHT

PS./ 2073-8

PILOT RATINS (SP) LOS 1.9 1.4 1/- 0.4 PILOT

7 (6) J

FEEL FORCES, DISPLACEMENTS - xo. sausacory., pitch
CHARACTERISTICS: SATISFACTORY? heavy, slow, lacks harmony.

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Slow, but predictable
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFOM TASK: ANY SPECIAL PILOT INPUTS? - "Milk" it along start input

early. don't overdrive it.
ANY TENDENCY TOWARDS PIO? - NO

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? -
CONTROL: No problem.ANY TENDENCY TO -

PIO? OVERCONTROL?

TURN COORDINATION: N

A PROBLEM? No proble.

PERFORMANCE: APPROACH - Not all that good either.

LANDING, MOST yes
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: Nose

SUMMARY CO:.14ENTS: No change in rating (sensitivity set incorrectly).
ANY CHANGE IN
RATING?

NOTE: ES for p4, but with very low sensitivity.
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- 4 f~ DE~Y'206-4-PSI

";TMpj LOS 1.9 1.4 0. 7/0.is o04 . tor

FEEL. FORC~lp DISPLACEMENTS Oury
0CMCTlSI~~ SRT!ACTORY?

AMY COMPLAINTS ABOUT -NO,

SENSITIV ITY?

PITCH ATTITUDE INITIAL RESPONSE, sjght hesit&atin '*ad
RESPONSE TO IPIJTS PREDICTABILITY OF FINAL. RESPONSE tendency to *VerCwitiVjo1.
REQUJIRED TO
PEFfOfI TASK: Mly SPECIAL PILOT INPUTS? ftHd toW put inpu 'JIMp

waf
ANy, TENDENCY TOWARDS. P 10?-

VELO0CITY CON4TROL: 0
SATISFACTORY?

BANK ANGLE - SATISFACTORY? -No r4obl-ex.
CONTROL:

ANY TENDENCY TO No
P1O7 OVERCONTRO.?

TURN COORDINATION: Oa
A PROBLEMOy

PERFORMACE: APPROAC H - Go

LANDING, MOST - Yess could overcontrol
DIFFICULT? togs 1A. flare -minor

WFECT$ OF
WIND/TURBULENCE: ocmns

AY CHANGE IN
RATING?

WE: PS with reduced gain.



CONFIGURATION NOS W AD/AN /lb DELAY CARD FLIGHT

PS3 2073-4

PILOT RATING (SP) LOS 1.9 1.4 0.7/0.S 0.7 .12 PILOT

22) / -_B

FEEL FORCES, DISPLACEMENTS - No comonts.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No comments.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, N Negligible deficiencies.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFO.M4 TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - NO

VCLOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO NO
P IO? OVERCONTRO-?

TURN COORDINIATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - No problems.

LANDING, MOST - No problem.
DIFF ICULT?

EFFECTS OF
WIND/TURBULENCE: None

SUfIAARY COMMENTS: Negligible deficiencies (only one I Ing).
ANY CHANGE IN
RATING?

NOTE: P5 with reduced gain.
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CONFIGURATION -AOS W AN %,Ilb 'DELAY IM C tK

PS3066

PLOT MnN (5p) tOS 1.9 1.4 . 0.7 .12 - PILOT
2(3C) /' A

FEEL FORCES, DISPLACEMENTS - rift
CHARACTERISTICS: SATISFACTORY?

ANY COPLAINTS ABOUT - go coamnts.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE,. bntil response V surd,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE final was Okay. Little -more
RE.UIRED TO sluggish than desired.
PERFO,,4 TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PlO? - No

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Okay
CONTROL:

ANY TENDENCY TO -
P1 ? OVERCONTROL?

TURN COORDINATION: NO

A PROBLEM?

PERFORMANCE: APPROACH - No problem

'LANDING, MOST - For perfection could have
DIFFICULT? been just a little quicker

In pitch.

EFFECTS OF
WIND/TURBULENCE: None

SUWY COVVIENTS: Good aircraft.
ANY CHANGE IN
RATING?

Note: Hodified-ES for P4
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CONFIGURATION 0O , , VAN 9ssllb DELAY CARD W LI T

_______171. , "2071-4

FEEL FORCES, OISPLACDENBTS - Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - CDo

SENSITIV ITY?

PITCH ATTITUDE INITIAL RESPONSE, 2.Little bt of l th bit
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE *f overcontrol.
PERFOR TASK: ANY SPECIAL PILOT INPUTS? - o

ANY TENDENCY TOWIARDS PLO? - Not r'eally not:iced.

VELOCITY CONTROL: OkaySATISFACTORY?

BANK ANGLE SATISFACToRY? - Yes
CONTROL:

ANY TEIVDEICY TO - o
P 10? OV ERCONTROL?

TURN COORINATION:

A PROBLE.,? Okay

PERFORMACE: APPROA- PeTy U?

LANDING, MOST - Yes easy f laded long.

DIFF ICULT? ..

EFFECTS OF
WIND/TURBULENCE: oe .

sELAY CONRTS: Wouldn't t * l ki you
ANY CHANGE IN let i laad-SOO ft long.
RATING?

POE: ES for P4, L free.
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Wr 11AuKA IAi Wn~ Wu, ------___ UE

P6 -207-5.

PILOT MATIX (SP) LOS 2.6 0.6 0.7/12.5 1.1 .14 iU PILOT

4 (3.). 1 - -

FEEL FORCES, DISPLACEMENTS'- no Comments
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT Sensitive nose, took a
SENSITIVITY? vry light hand on stick in

pitch and roll.

PITCH ATTITUDE INITIAL RESPONSE, rdcal9u est~
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

MREQIRE TO
PERFO4 TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PlO? - None

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Yes, no problem.
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? No problem.

PERFORAICE: APPROACH -Okay

LANDING, MOST - Not such difference.
0IFFICULT?

EFFECTS OF
WIND/TURBULENCE: None

S M ARY COtENTS: No cMnge in rating.
ANY CHANGE IN
RATING?

NOTE: ES for P4, L. free.
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CONFIGURATION -NS Cdl VAN fs s / _S b DELAY' CARD FLIGHT

2062-$

PILOT RATIOS (SP) LOS 2.3 1.1 4/- 0.8 -,- ILOT

V
4 ( ) ....3)_

FEEL FORCES, DISPLACEMENTS- Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSIT IV ITY?

PITCH ATTITUDE INITIAL RESPONSE, slow initial response.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE .vercontrolled final
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - so

ANY TENDENCY TOWARDS PIO? - so steady PZO

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Oamy
CONTROL:

ANY TENDENCY TO -
PlO? OVERCONTROL?

TURN COORDINATION: Okay

A PROBLEM?

PERFORMANCE: APPROACH - so problem

LANDING, MOST - yeso overcontraol in flare
DIFF ICULT? a little

EFFECTS OF
WIND/TURBULENCE: no coments

SUMMARY COMMENTS: Straight in okay. Ovitwol In .a.... ' t

ANY CHANGE IN small input and see what resulted, didnt do it and was
RATING? overcontrolling a little.

NOTE: HOS - LANOS Config. 4-3, Force Commfds.
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ItCONFIGURATION NOS W VAN f 5 /lb DEIAY CARD FLIH

IP, /2 -071-2

PILOT RATI (SP) LOS 2.3 1.1 4/- 0.A - PILOT

2 (3) A

FEEL FORCES. DISPLACEMENTS - No coents
CHARACTERISTICS: SATISFACTORY?

Slightest bit sluggishANY COMPLAINTS ABOUT - (loagitudinally) Nose a bit
SENSITIVIXTY? quicker than was in previous

.FTC. TITUDE INITIAL RESPONSE,ICONS T INPUTS PREDICTABILITY OF FINAL RESPONSE Didn't see much delay "n nose
MIRDSTO

TAFOMTASK: MY SPECIAL PILOT INPUTS?-

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Fine
CONTROL:

ANY TENDENCY TO - No
PlO? OVERCONTROL?

TURN COORDINATION:

E- PRBLEMOkayIIIhMFORiANCE: APPROACH - No problem

LANDING, MOST - Nore positive control of the
DIFFICULT? rose than in the previous

I config=tLon (P4A)

/TURBULENCE:

TMMqARY eOffi: MUG 5,t S:ez, M last one p4A). VW go, ra ting
MY CHANGE IN to 2.
RATINS?

.fE: NOS - LAOS Config. 4-3, Force Comands.

"'T
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rJ7 ~~ ~ ~~ ~~ ...... . . ..... .... . .....

CONFIGURATION NOS CW Ao/AN osslb DELAY CARD FLIGHT

i . i2063-3

PILOT RATiNG (SPl LOS 2.3 1.1 4/- 0.8 - - PILOT4 ( S) Pi _

FEEL FORCES, DISPLACEMENTS - not too bad
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - too auch pitch axis
SENSITIVITY? sensitivity

PITCH ATTITUDE INITIAL RESPONSE, tendency to overcontrol
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE pitch corrections; grosser
REQUIRED TO moments no problem
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PlO? - no

VELOCITY CONTROL: no problem :
SATISFACTORY?

BANK ANGLE SATISFACTORY? - ,no. poblem
CONTROL:

ANY TENDENCY TO - no
PlO? OVERCONTROL?

TURN COORDINATION: no problem

A PROBLEM?

PERFORMANCE: APPROACH - better than landing

LANDING, MOST - yes
DIFFICULT?

EFFECTS OF . . .... ..
WIND/TU OF wind/turbulence not a
IND/TURBULENCE:tor

SM1IMARY COWENTS: Little too sensitive. Tendency to overcontrol, correction
ANY CHANGE IN from simalated gusts got good results. Gross movements no
RATING? problem, minor but amoying deficiencies.

NOTE: NOS - LAHOS Config. 4-3, Force Comands.
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;ONFIGtJRATION HOS Wa Ap/AN4  f 5/lb DELAY CARD FLIWe~

.$ .. ... . .. . .. . . . . .. . -.. .. . ........ m.*.-

f..oT Ram (SP) LOS 1.6 0.8 -1- 0.8 .10 PILOT
5(s) A

FEEL FORCES, DISPLACEMENTS - Lttle heavy longitudimally.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE# . Ovez.outrol on fiftl teepoue
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE Little bit slow on initial
REQUIRED TO Response.
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - After input, wait to see *hat

I've got.ANY TENDENCY TOWARDS PIO? - No

VELOC ITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO - NoPlO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? Okay

PERFORMANCE: APPROACH - No t

LANDING, MOST -
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE:

SUMMARY COMMENTS: Ratin 4 to S, selected S.
ANY CHANGE IN
RATING?

NOTE: ES for P7, L ftixd.

____ _ _a
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CONFIGURATION NOS W. 110/s * 5 b DELAY CARD FLIGHT

ps 2069-2

PILOT RATING (SP) LOS 1.6 '0.8 -1- 0. .10 " PILOT

S (5) /A
FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no problem
SENSITIVITY?

4

PITCH ATTITUDE INITIAL RESPONSE, bit of lag in initial respose
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE and overcontrol c final rsponi
REQUIRED TO
PERFORM TASX: ANY SPECIAL PILOT INPUTS? - had to back out of loop a bit

- - and put in smaller input
ANY TENDENCY TOWARDS PIO? - overcontrol in flare

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - little bit of lateral
CONTROL: sensitivityANY TENDENCY TO -

PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEA? oky

PERFORMANCE: APPROACH - real sweet until flare

LANDING, MOST only problem was a little
DIFFICULT? pitch overcontrol in flare, alsobank angle

EFFECTS OF
WIND/TURBULENCE: not a factor

SUARY COMMENTS:

ANY CHANGE IN Overcontrolling nose a bit in flare, possibly a 4.
RATING?

NOTE: ES for P7, L fixed.
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CONFIGURATION NOS W s A/I b.,/ DELAY CARD 'FLIGHT

F9 2069-3

PILOT RATING (SP) LOS 2.6 0.6 0.7/- 0.9 xx PILOT

3 (4) A -

FEEL FORCES, DISPLACEMENTS - no comuts
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comuents
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, o overcontrolled a little in flue
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE pretty sood
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no comments
CONTROL:

ANY TENDENCY TO - so
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? not a polem

PERFORMANCE: APPROACH - okay

LANDING, MOST - yes, but no problem
DIFFICULT?

EFFECTS .... ..
WIND/TURBULENCE: none

SUMIARY COMMENTS:
ANY CHANGE IN Slight overcontrolling tendency in f1re but a pretty
RATING? good airplane.

NOTE: ES for P7, L fi'v..
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CONFIGURATION 'HOS WJ " j /A * ss/ b DELAY CARD FLIGHT
r ~2062-4

PlO
PILOT RATING (SP) LOS 2.6 0.6 -/- 0.4 - PILOT

3 '(2)- 
A 

FEEL FORCES, DISPLACEMENTS-
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, tendency to ove rcontrol in -
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE flare
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL: no problem
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: no problem

A PROBLEM?

PERFORMANCE: APPROACH - piece of cake

LANDING, MOST - yes, bit of overcontrol of
DIFFICULT? nose in final flare

EFFECTS OF none
WIND/TURBULENCE:

SUIMARY COI14ENTS: Tmdency to overmtcorol (Lonitudinal), when making quick flare
ANY CHANGE IN in close. Ver good alrplane but for nore difficult task (side-
RATING? step), would have liked wre longitudinal predictability.

PfnTE: LAHOS 2-1, Force Commands,
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_CONFIGURATION 140S (a) [ AD/AN qs/1b DELAY CARD. FLIGHT

PO -- 2063-.

PILOT WITiNG (SP) LOS 2.6 0.6 -/- 0.4 PILOT

2 (1)

FEEL FORCES, DISPLACEMENTS - little mushy around center
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - quite sensitive
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, very predictable
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFOR TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO -no
PIO? OVERCONTROL?

TURN COORDINATION: no problem
A PROBLEM?

PERFORMANCE: APPROACH - no problem

LANDING, MOST - no problem - little x-wind
DIFFICULT? but no trouble

EFFECTS OF bit of bobble in response
WIND/TURBULENCE: to simulated gusts

SUlMARY COMENTS: Negligible deficiencies (Safety Pilot coment: pilot is very
ANY CHANGE IN smooth and good at predicting required inputs)
RATING?

NOTE: LAHOS 2-1, Force Commands.
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- ... . .. .... . . .. ._n____... I_..._____,____________ . -

- __ . - et I

CONFIUJRMPON -Nos caj r ~ /J ~ b EA * ~ ~ I°~- -r'* *,

pie 206**t

PlOT RlthS .(Sf LOS z.6 10.6 -I- 0.4 - __ if "

2 (2) C

FEEL FORCE'S, VISPLACEMENTS - wi-1t
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATT ITIUE INITIALRESPONSE. . i .pensive sutno boibte -b
RESPONSE TO INPUTS PREDICTABILITY OF FINN. RESPONSE -1
PERFORM TASK: ANY SPECIAL PILOT INPOUTS

ANY TENDICY TOWARDS PIO? - noe.
i

VELOCITY CONTROL: very good; ab i -t m ut i 1a
SATISFACTORY? desired angle of attk -

BANK ANGLE SATISFACTORY? - no tendaicy to overshoot
CONTROL:

ANY TENDENCY TO. - oLO
PlO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? no roquiint to use r I
PERFORMANCE: APPROACH es

LIWING, MOST - n dtfault
DIFFICULIT

EFFECTS OF
WIND/TURBULENCE: WT Hatt t

a factor

* SU9IANY COW'TS: Vely Rim .mh .: '

ANY CPA"B IN
RATIN?

INOTE: LAJ4OS, 2-1, Force Comends. .. '~~~~O1 :o

in,
mi 4 -



CONFIGURATION NOS C) W AD/AN * 5 /lb DELAY CARD FLIGHT

PIGA 2069-S

PILOT RATING (SP) LOS 2.6 0.6 -/- 0.4 .0S PILOT

3 (2) A

FEEL FORCES, DISPLACEMENTS - no problem
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, very little lag in
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE longitudinal
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - yes
CONTROL:

ANY TENDENCY TO - no
PID? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? okay

PERFORMANCE: APPROACH - no problem

LANDING, MOST - yes, slight bit of over-
DIFFICULT? control in flare

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COMMENTS:
ANY CHANGE IN Little bit of lag in pitch. Debate is between 2 and 3.
RATING? Little bit of overcontrol. Close to an ideal airplane.

NOTE: P10 plus feel system delay.
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CONFIGURATION HOS CJ /AN oss/l b DELAY CARD FLIGHT

PIO5 2071-6

PILOT RATING (SP) LOS 2.6 0.6 -/- 0.4 .10 - PILOT

3 (3) / A

FEEL FORCES, DISPLACEMENTS - Longitudinal forces seem
CHARACTERISTICS: SATISFACTORY? higher than last one (P8)

I'm getting a little tired).
ANY COMPLAINTS ABOUT -

SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Not as much lag as last (PS)
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE started to move then got too
REQUIRED TO much.
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - No

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - 'Yes
CONTROL:

ANY TENDENCY TO -o

PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - Okay

LANDING, MOST- Yes, noticed higher
DIFFICULT? longitudinal forces.

EFFECTS OF None
WIND/TURBULENCE:

SUMMARY COMMENTS: No problem until flare, then the problem (minor) wa
ANY CHANGE IN heavy forces in pitch.
RATING?

NOTE: P1O plus time delay.
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I

:N CONFIGURATtON WOS Cd r A0/1N  9s5s/b DELAY 'CARD FLIGHT

lOD_ -2070-1

PILOT RATING. (SP) LOS 2.6 0.6 -/- 0.4. .10 PILOT

2 (2) /

FEEL FORCES, DISPLACEMENTS - free play in the stick -
CHARACTERISTICS: SATISFACTORY? sloppiness in both axes

ANY COMPLAINTS ABOUT - sensitive both in pitch
SENSITIVITY? and roll

PITCH ATTITUDE INITIAL RESPONSE, - no Comaents
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - yes
CONTROL:

ANY TENDENCY TO - no
PlO? OVERCONTROL?

TURN COORDINATION: Okay

A PROB.EM?

PERFORMANCE: APPROACH - no problems

LANDING, MOST - yes, did not do well on
DIFF ICULT? touchdown point

EFFECTS OF none
WIND/TURBULENCE:

SUMMARY CO 4MENTS: Didn't do very well on touchdown point (poor selection of
ANY CHANGE IN initial &iupoint) otherwise airplane was a 2.
RATING? Varied between 2 and 3. (Safety Pilot comment: very smooth,

adaptive pilot).

NOTE: PlO plus time delay.
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CONF IGURATION NOS ADAN #$./Ib DELAY CARD FLIGHT

i Poc 2072.S

PILOT RATI10 (SP) LOS 2.6 0.6 -1- 0.4 .13 - PILOT

4 (5) V/ A

FEEL FORCES, DISPLACEMENTS - Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS AOUT - Okay
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Little slow initial response
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE and slight overcontrol.
REQUIRED TO
PERFORN TASK. ANY SPECIAL PILOT INPUTS? - Felt I might start PIO if I

upped my gain any. Used slow
ANY TENDENCY TOWARDS PIO? - inputs.

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? -
CONTROL: Okay

ANY TENDENCY TO

P;O? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? Okay

PERFORMANCE: APPROACH - No problem.

LANDING, MOST - Yes, felt a little sluggish
DIFFICULT?

EFFECTS OF Not a factor.
MINO/TURULENC, o

SUIMARY COMMENTS: It flew pretty much as I want it to, no major problems.
ANY CHANGE IN
RATING?

NOTE: PO plus time delay.
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CONFIGURATION N5 W A/N DELAY CARD FLIGHT

PlOD 206-5

PILOT RATtNC (SP) LOS 2.6 0.6 -/- 0.4 .20 PILOT"A

7 (7)

FEEL FORCES, DISPLACEMENTS - No coments
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - Slov, tended to overcontrol,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE not predictable.
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? - Yes, In flare. Possibly
not PO.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO -
PIO? OVERCONTROL?

TURN COORDINATION :
A PROBLEM? Met a ftetor.

PERFORMANCE: APPROACH - .No pableis

LANDING, MOST - Yes tended to overcontol
DIFFICULT? n flar, small PIO.

EFFECTS OF
MIND/TURBULENCE: Nose

S ARY COMMENTS: No chaute.
ANY CHANGE IN
RATIPS?

NOTE: PIO plus time delay.
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CIGURATION HOS (d . AD/N 1ss/lb DELAY CARD FLIGHT

oi n P ,2075-7

PILOT RATIM (SP) LOS 2.6 0.6 - 0.4 .20 - PILOT

3 (4) S

FEEL FORCES, DISPLACE4ENTS - Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE,- Had to vait to see effect
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE of input "little hunting".
REQUIRED TO
PERFORM TASK: MY SPECIAL PILOT INPUTS? - No

MY TENDENCY TOWARDS PIO? - No

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - yes
CONTROL:

ANY TENDENCY TO - No
PIO? OVERCONTROL?

TURN COORDINATION: Okay
A PROBLEM?

PERFORMANCE: APPROACH - Good

LANDING, MOST - Little worse but not bad.
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: None

SUMMARY COIMENTS: Little longitudinal problem but minor. Response delayed.
ANY CHANGE IN
RATING?

NOTE: PIO plus time delay.
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COF IGURATION NOS W AD/A /lb DELAY CAW FLIGHT
PloD 2070-6

PILOT PAT?.G (SP) LOS 2.6 0.6 -1- 0.4 .20 . PILOT

8 (7) /

FEEL FORCES, DISPLACEMENTS - Little heavy initially but
CHARACTERISTICS: SATISFACTORY? not the same kind of sensitivit

as seen before.
ANY COMPLAINTS ABOUT -
SENSITIVITY? No coments.

PITCH ATTITUDE INITIAL RESPONSE, - A problem: not predictable
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - A lot of corrections needed

to maintain control.
ANY TENDENCY TOWARDS PIO? - Not PIO but jerky.

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Okay
CONTROL:

ANY TENDENCY TO - Okay
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - No comments.

LANDING, MOST - Problem is in the flare.
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: No effects.

SUMMARY COMMENTS: Little longitudinal bobble in flare,
ANY CHA.IGE IN atng S to 9.
RATING?

NOTE: PlO plus time delay.
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CONFIGURATIO NOS to___ ___1bDLA CARD FLIGHT

PILOT RAT?.% (SP) LOS 2.6 0.6 .0.4 IV PILOT

6 (6) A

FEEL FORCES, DISPLACE4ENTS - no problems
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, tendency to overcontrol fr
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE large off3set, when I tried
REQUIRED TO to work the nose
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

Got a small PlO: stayed in
ANY TENDENCY TOWARDS PIO? - loop and was able to stay

in control

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO -no
PIO? OVERCONTROL?

TURN COORDINATION: .......
A PROBLEM? no problem

PERFORMANCE: APPROACH - piece of cake

LANDING, MOST - yes
DIFFICULT?

EFFECTS OFWIND/TURBUILENCE:noicr

SU~q4AY' COMMENT$: St'raighlt iLn so problem. Mild oscillation In flare (May'be a 5)
ANY HWE IN
RATING?

NOTE: HOS - LAHOS Config. 2-11, Force Commands.
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CONFIURATION NOS C r VA% *,51b DELAY CARD FLIGHT

P11 2063-2

PILO WINM I (SP) LOS 2.6 0.6 0.4 - P ILOT

4 (4) 1

FEEL FORCES, DISPLACEMENTS - about same as first
CHARACTERISTICS: SATISFACTORY? configuration (PlO) saw lag

on downwind and in landing with
ANY COMPLAINTS ABOUT - sioulated gusts.
SENSITIVITY? some sloppiness in pitch

PITCH ATTITUDE INITIAL RESPONSE, - worked hard
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? . no

ANY TENDENCY TOWARDS P1O? - no

VELOCITY CONTR OL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? no problem
CONTROL:

ANY TENDENCY TO - no
PlO? OVERCONTROL?

TURN COORDINATION: no problem

A PROBLEM?

PIRFORMA?4CE: APPROACH -no problem

LANDING, MOST - yes, touchdown point not
DIFFICULT? good in spite of working

hard

EFFECTS oF control of simulated gusts
UIND/TURBULENCE: required quite a bit more

work
tARY COMENTS: Worked hard longltudinally,, aircraft was annoying in pitch.

ANY CHANGE IN
RATING?

NOTE: HOS - LANDS Config. 2-11, Force Commands.
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CONFIGURATION HOS Cl "N #,s/lb DELAY CARD FLIGHT

PA v 2086-2

PILOT RATING (SP) LOS 2.6 0.6 ./. 0.4 .05 IV PILOT

7 (8) A

FEEL FORCES, DISPLACEMENTS - No problems.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No comments.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Initial response sluggish
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TAK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - Pitch bobble in flare, some
P10 tendency.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? -
CONTROL: Okay

ANY TENDENCY TO -
P.O? OVERCONTROL? No

TURN COORDINATION:
A PROBLEM? Not a factor

PERFORMANCE: APPROACH - No problem

LANDING, MOST - Yes, holding pitch attitude
DIFFICULT? especially in flare and rollout

was min problem.
T-FECTS OF NntWIND/TURBULENCE: Nn

SUMMAR COMMENTS:
ANY CHANGE IN No chanes.
RATING?

NOTE: NOS Pll plus feel systems delay.1

/
117

I

......



CONFIGURATION NOS Lo AD/AN (ss/lb DELAY CARD FLIGHT

PliA / 2062-S

PILOT RATI,5 (SP) LOS 2.6 0.6 -1- 0.4 .OS IV PILOT
6 (7) A

FEEL FORCES, DISPLACEMENTS - little bit heavy
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - oscillating a bit
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - aircraft was so slow I could

get back in loop and drive it.
MY TENDENCY TOWARDS PlO? - little bit

VELOCITY CONTROL: no comments
SATISFACTORY?

BANK ANGLE SATISFACTORY? - nooprobles
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: no problemsA PROBLEM?

PERFORMANCE: APPROACH- Okay

LANDING, MOST - yes
DIFF ICULT?

EFFECTS OF
WIND/TURBULENCE: no pRoblN

SUMMARY COMM4ENTS: Ve, sluggish longitudinally. Wduld start to move and would
ANY CHANGE IN avercontrol it, but aircraft was so slow could catch it and
RATING? stay in the loop. Lack of precision in holding desired nose'

position was a problem.

NOTE: HOS P11 plus feel system delay.
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CONFIGURATION HOS C , A/AN ,ss/lb DELAY CARD FLIGHT

P12 2069-1

PILOT RATING (SP) LOS 2.6 0.6 - 0.4 .17 - PILOT

9 (3) / A

FEEL FORCES, DISPLACEMENTS - little heavy
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSIT IV ITY?

PITCH ATTITUDE INITIAL RESPONSE* -no problem until flare
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO yes, back out of leop to land,
PERFOR4 TASK : ANY SPECIAL PILOT INPUTS? - fairly high frequency over-

ANY TENDENCY TOWARDS PIO? - control-u-P into ai-. and back down
yes, when attepting to land

VELOCITY CONTROL:
SATISFACTORY? no problem

BAN K ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? no problem

PERFORMANCE: APPROACH - okay

LANDING, MOST - yes, a definite problem
DIFF ICULT?

EFFECTS OF no probl
WINO/TURBULENCE:

SUMMARY COMMENTS:
ANY CMW IN If it is possible to Set lined up or long straight in,
RATING? could have nursed the aircraft dcwn pretty easily.

With large sidestep was definitely driving it into a
pretty good PO.

NOTE: ES for P1 1,La fixed.
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CONFIGURATION OS &a) " / 9ss/lb DELAY CARD FLIGHT
________ - - i 2062-4
P12

PILOT RATIIG (SP) LOS 2.6 0.6 -I- 0.4 .17 PILOT

(6) / A

FEEL FORCES, DISPLACEMENTS - s problems
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -

SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, initially slow, was over-
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE controlling final attitude
REQUIRED TO response quite a bit, parti-
PERFORIM TASK: ANY SPECIAL PILOT INPUTS? - cularly for large offset.

no

ANY TENDENCY TOWARDS PIO? - slow PlO, small &= itue,
able to stay with it

VELOCITY CONTROL:
SATISFACTORY? no problem

BANK AUNGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: no problem

A PROBLEM?

PERFORMANCE: APPROACH - no problem

LANDING, MOST -
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: no problem

SL*4ARY COMIENTS: Was able to stay in loop and touch down reasonably well, but
ANY CHANGE IN was totally unsatisfactory to stay in there and fly to
RATING? touchdown. Oscillations were slow.

NOTE: ES for P11, La fixed.
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t _.+ --, _., ,r".. --
CON ism, 7 0 INo "DN Ab MLEI;Y-: CARD- RI-GI

PLOT RATI F (sp) LOS 2.6 0.6 -I- 0.4 .17 . :I.OT

FEEL FORCES, DISPLACEMENTS - ekay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - All right no complaints.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - Little bobble in pitch.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUtIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - Had to watch inputs.

ANY TENDENCY TOWARDS PIO? - No

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY?
CONTROL: "Hunting" a little in roll.

ANY TENOENCY TO -
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? No problem.

PERFORMANCE: APPROACH - Little better than landing.

LANDING, MOST - "
DIFF ICULT?

EECTS VF None

-tWARv cMtENTS: Safety pilot comment: made 4 landings, on the seconqi he ovet
AN"TCHANIE IN controlled into a semi-s-tall in flare. blamed himself but he
fIUT Was "ally foiced istoaggrexive Inputs and hewly lost it. *

NOTE: FS for P11,L fied.
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CONFIGURATION HOS W AD/AN ,ss/1b DELAY CARD FLIGHT

P12 2063-4

PILOT RATIIG (SP) LOS 2.'6 0.6 -- 0.4' .17 - PILOT

7 (6) B -

FEEL FORCES, DISPLACEMENTS-
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - both axes sensitive.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, pitch attitude got me in
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE trouble - bobbled off a
REQUIRED TO lateral correction, tairly
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - sensitive

no
ANY TENDENCY TOWARDS PIO? - bobbled in pitch after

lateral correction

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - could get what I wanted
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: no problem
A PROBLEM?

PERFOR4ANCE: APPROACH - considerably worse than i
approach

LANDING, MOST -
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

f SUMMARY COMMENTS: Bobble at end of flare.
ANY CHANGE IN
RATINtG?

NOTE, ES for P11, L afixed.
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CONFIGURATION OS /N s /1b DELAY CARD FLIGHT

P12A " 2069-4

PILOT RATING (SP' LOS 2.6 0.6 6/2 0.4 .17 "'PILOT

10 (10) A

FEEL FORCES, DISPLACEMENTS no problem
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no co ents
SENS IT IVITY?

PITCH ATTITUDE INITIAL RESPONSE, -bit of a lag then aircraft
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE would rapidly respond giving low
REQUIRED TO amplitude high frequency
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - oscillation could not damp

it out
ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? -
CONTROL:

ANY TENDENCY TO -oky
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? okay

PERFORMANCE: APPROACH no problems

LANDING, MOST - yes, clearly a major problem

DIFF ICULT?

EFFECTS OF
WINO/TURBULENCE: none

SUflARY CCM11MENTS:
ANY CHANGE IN Could not damp out. P10 in flare. May have been a little
RATING? divergent. Was worried about losing control when trying

to put nose where wanted on gromd. Problem in flare.

NOTE: P12 with rvt filter added.
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CONFIGURATION NOS W0 %,/AN ifss/lb DELAY CARD FLIGHT

P123 /2072-6

PILOT RATING (SP) I LOS 2.6 0.6 2o/1o 0.9 .17 PILOT
9 (8) 1 1 . -IL- A

FEEL FORCES, DISPLACEMENTS - No problem.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - Oversensitive in pitch.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Too quick initially,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE unpredictable.
REQUIRED TO
PERFOR4 TASK: ANY SPECIAL PILOT INPUTS? - Small smooth inputs required.

ANY TENDENCY TOWARDS PIO? - High frequency PIO evident in
all phases of task.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? -
CONTROL: Okay

ANY TENDENCY TO
PIO? OVERCONTROL?

TURN COORDINATION: '
A PROBLEM? Okay

PERFORMANCE: APPROACH - Degraded because of sensitive
pitch control.

LANDING, MOST- Yes, not certain I was going
DIFFICULT? to acconplish it correctly.

High frequency moderate
EFFECTS OF a~plitude PIO in pitch. -

WIND/TURBULENCE: None

SUMMARY COMMENTS:
ANY CHANGE IN Note: system noisy but this deficiency ignored.
RATING?

S + 10NOTE: P12 with filter added.
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CONFIGURATION NOS W " DAb/ DELAY CARO FLIGHT
P1-C - 2072-7

PILOT RATING (SP) LOS 2.6 0.6 20/10 o.S .17 PILOT

S cs) A

FEEL FORCES, DISPLACEMENTS - Okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Lag noticedin flare and
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE overcontrol.
REQUIRED TO
PE.RFOR14 TASK.: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? - Small tendency to PlO in
flare.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO - No
PIO? OVERCONTROL?

TURN COORDINATION: No
A PROBLEM?

PERFORMANCE: APPROACH - No problem at all.

LANDING, MOST - Yes, Just prior to touchdown
DIFFI( ULT? got into small amplitude P10.

EFFECTS OF None
WIUD/TURBULENCE:

SUMMlARY COMMtENTS:
ANY CHANGE IN Mostly annoying characteristics, could do task (only one landing
RATING? accomplished).

NOTE: P12D with gain changed.
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CONFIGURATION NOS Wi " V' AN 4Ss/ib DELAY CARD FLIGHT

P121D96-

PILOT RATI:G (SP) LOS 2.6 0.6 6/2 0.2 .17 PILOT

6 (8) A

FEEL FORCES, DISPLACEMENTS - No comments.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No comments.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE. Little lag initially, over-
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE controlled final response.
REQUIRED TO
PERFORU4 TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PlO? - Yes, on the runway.

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Okay
CONTROL:

ANY TENDENCY TO -
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - Little longitudinal over-
control.LANDING, MOST-DIFFICULT? Yes, easy to overcont-ol.
"Backed out"; to keep from P1O

EFFECTS OF
WIND/TURBULENCE: None.

SUMMARY COMMENTS: No chnges.
ANY CHANGE IN
RATING?

NOTE- PlEA with gain changed.
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CONFIGURATION HOS W AD/AN oss/lb DELAY CARD FLIGHT

P2D / 2073-6

PILOT RATIMI (SP) LOS 2.6 0.6 6/2 0.2 .17 PILOT

2 (s) 5

FEEL FORCES, DISPLACEMENTS - No comment.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATrITUDE INITIAL RESPONSE, - Final response not completely
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE predictable.
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? - Very little tendency to over-
control.

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? -
CONTROL: OkayANY TENDENCY TO -

PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? No problem.

PERFORMANCE: APPROACH - Good

LANDING, MOST - No problem.
DIFF ICULT?

EFFECTS OF None
WIND/TURBULENCE:

SUMMARY COMMENTS: Good results.ANY CHANGE IN
RATING?

NOTE: P12A with gain changed.
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CONFIGURATION HOS " D/AN gss/lb DELAY CARD FLIGHT
P13 / 2064-1

PILOT RATING (SP) LOS 2.3 1.1 -I° O.S - PILOT
3 (3) A

FEEL FORCES, DISPLACEMENTS - no problem
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no problem
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE - very small overcontrolling in
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE final response in flare
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL:
SATISFACTORY? no problem

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO -

PIO? OVERCONTROL? no

TURN COORDINATION:

A PROBLEM? okay

PERFORMANCE: APPROACH - okay

LANDING, MOST - yes
DIFFICULT?

EFFECTS OF 10 kts 20-30 degrees off.
WIND/TURBULENCE: ruway but no effect

SUMMARY COMMENTS: Overcontrolled nose slightly in flare, pretty good airpiaMe.
ANY CHANGE IN
RATING?

NOTL. HOS - LAHOS Conffg, 4-7, force commands
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CONFIGURATION HoS C A D/AN #ss/lb DELAY CARD FLIGHT

L P3A V/ 2064-S

PILOT RATI:S (SP) LOS 2.3 1.1 ./. .5OS PILOT

6 (5) A

FEEL FORCES, DISPLACEMENTS - little hoavy in flare
CHARACTERISTICS: SATISFACTORY? longitudinally

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - very good approach; in flare was
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE overcontrollini'jback and forth ir
RECUIRED TO small P1O, fairly quick stayed
PERFORM TASK: ANY SPECIAL PILOT INPUTS?- in loop, not really divergent,

had to.be care. ui not to drive
ANY TENDENCY TOWARDS PIO? - it

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? -
CONTROL:

ANY TENDENCY TO - okay
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? okay

PERFORMANCE: APPROACH - no further comnents

LANDING, MOST -yes
DIFFICULT?

EFFECTS OF not a factor
WIND/TURBULENCE:

SUMMARY COMMENTS:
ANY CHANGE IN Maybe a 7. No further counUA.
RATING?

NOTE: P13 plus feel system delay.
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CONFIGURATION HOS l" AV/N #ss/lb DELAY CARD FLIGHT

LOP14 2064-3
PILOT RAT14'G (SP) LOS 2.1 1.0 -,. OS .09 PILOT

(4) v/A

FEEL FORCES, DISPLACEMENTS - no coimnts
CHARACTERISTICS: SATISFACTORY?

ANY CCMPLAINTS ABOUT - light longitudinally
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - a problem in the final flare; very
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE nice Arplane until one tried to
REOUIRED TO quickly move attitude
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - high frequency, small am.plitude
oscillations

VELOCITY CC*:TROL:
SATI SFACTORY? no problem

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? no problem

PERFORMANCE. APPROACH - piece of cake

LANDING, MOST - yes, in flare there was a high
DIFFICULT? frequency bobble. Could back out,

hold it and land 200 ft long

EFFECTS OF
WIND/TURBULENCE: not a factor

SUMARY COMENTS: Could be a 4. Comparison of P13 and P14: P13 - vU *er-
ANY CHANGE IN controlling a bit, couldn't see a lag. No Oacillatioki
RATING? at all. P14 - bit more of overcontrol, quick oscillation

was a definite diffevence in the flare but not in approach.

NOTE: SZS for P13, L fixed.
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CONFIGURATION HoS W A DN oss/lb DELAY CARD FLIGHT

PIS 2064-2

PILOT RATING (SP) LOS 1.1 0.7 2/- 1.5 " PILOT

8 (9) A

FEEL FORCES, DISPLACE74ENTS - little heavy longitudinal
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - . no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, initial response very slow
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE overcontrol final responseREQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - be very careful and srxowth: avoid

- --- T resorting to a bang-ba .g control
ANY TENDENCY TOWARDS PlO? - yes, there was a PlO but it was

slow and not divergent
VELOCITY CONTROL:SATISFACTORY? not satisfactory ± 2-'30 angleof attack variations

BANK ANGLE SATISFACTORY? - no. problem
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? no problem

PERFORMANCE: APPROACH - sluggish: overcontrolled it

LANDING, MOST- much more difficult, grossly
DIFFICULT? overcontrolled attitude

EFFECTS OF
WIND/TURBULENCE: not a factor

SUMMARY COMENTS:
ANY CHANGE IN Aircraft lacked precision, could manage landing without
RATING? losing it.

NOTE: HOS - LAHOS Conftg. 1-4, force commands.
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CONFIURATION MOS t V AN ,s/lb DELAY CARD FLIGHT

Ii / 2070-3

PILOT RATIN (SP)j LOS 1.1 0.7 2/- 1.5 PILOT

9 (10)--

FEEL FORCES, DISPLACEMENTS - No specific co=ents.

CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Very poor
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFOP.M TASK: ANY SPECIAL PILOT INPUTS? - No

ANY TENDENCY TOWARDS PIO? - Continuous PlO even in turn.

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

ANY TENDENCY TO - No
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? Okay

PERFORMANCE: APPROACH - Poor on approach turn as
well as flare.

LANDING, MOST Yes
DIFFICULT?

EFFECTS OF No effect
WIND/TURBULENCE:

SUM4ARY C4ERTS: Very difficult to control
ANY CHANGE IN in flare.
RATING?

NOTE: NOS - LANOS Conftg. 1-4, force commands.
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CONFIGURATION HOS (a A 0/A. ,/*, ., DELAY CARD FLIGHT
16 - - -- 2072-2

PILOT RATING (SP" LOS 0.8 0.6 -1- 1.4 .16 PILOT./ A
8 (9) v

FEEL FORCES, DISPLACEMENTS - Longitudinal very heavy,
CHARACTERISTICS: SATISFACTORY? particularly on ground and

in the final part of the flare
ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - Initial response very slow,
RESPONSE TO INPUTS PEOICTABILITY OF FINAL RESPONSE final response also slow.
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - Had to overdrive it.

ANY TENDENCY TOWARDS PIO? - Last bit of flare and on groun
there was a tendency towards P

VELOCITY CONTROL: Okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Yes
CONTROL:

A,1Y TENDENCY TO - ,o
PIO? OVERCONTROL?

TURN COORDINATION: No problem.

A PROBLEM?

PERFORMANCE: APPROACH - No comments.

LADING, MOST - Yes, heavy longitudinal
DIFF ICULT? forces.

EFFECTS OF None
WIND/TURBULENCE:

SUMMARY COMENTS:
ANY CHANGE IN Workload very high, could manhandle aircraft to control PrO.
RATINS?

NOTE: ES for PIS, L, fixed.
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CONFIGURATION NIOS C.) " AD/AN Wss/lb DELAY CARD FLIGHT

P16A 2070-S

PILOT RATIUG (SP) LOS 0.8 0.6 -/- 1.6 .14 PILOT

5 (7) / S

FEEL FORCES, DISPLACEMENTS - All right.
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - No.
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, Slow PIO in approach.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - Worked stick pretty hard

longitudinally.
ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? Okay

BANK ANGLE SATISFACTORY? - OIay
CONTROL:

ANY TENDENCY TO -
PlO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? Okay

PERFORMANCE: APPROACH - Better on approach.

LANDING. MOST - Better in landing than
DIFFICULT? approach.

EFFECTS OF
WIND/TURBULENCE: None

SUMMIARY CO ENTS: Tolerable in landiing phase,
ANY CHANGE IN 8 or 9 for approach.
RATING?

NOTE: Modified ES for 15.
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CONFIGURATION 1405 CO AD/AN 4ss/lb DELAY CARD FLIGHT

PIGA 2068-3

PILOT RATING (SP) LOS 0.8 0.6 -1- 1.6 .14 PILOT

7 (8) C

FEEL FORCES, DISPLACEMENTS - very nice
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - apparent sluggishness
SENSITIVITY? longitudinally

PITCH ATTITUDE INITIAL RESPONSE, - not predictable
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PEDFORM TASK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - slight PIO

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - okay
CONTROL:

A#'Y TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: n bl

A PROBLEM?

PERFORMANCE: APPROACH - okay

LANDING, MOST - yes, due to slugaishness in
DIFFICULT? pitch

EFFECTS OF effects magnified byWIND/TURBULENCE: sluggishness in response to
coumter si2ulated turbulenge

SUGARY COMMENTS:
ANY CHANGE IN Forces higher than I'm used to in holding nose up during
RATING? liftoff; tendency to bobble after touchdown.

OIT: Rating changed to a" 'after fli'ghtvhen rating
scale definitions were. reviewed. .

NOTE: otified ES for PI5
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CONFIGURATION HOS W AD/AN .ss/1 b DELAY CARD FLIGHT

P17 2064-4

PILOT RATING (SP) LOS PILOT- 1.9 0.6 0.7/- 1.2 -

9 CIO) A

FEEL FORCES, OISPLACEMEUTS - longitudinal heavy to get
CHARACTERISTICS: SATISFACTORY? adequate response in flare

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - pitch attitude very slow, final
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE response unpredictable, in flare,
RE.UIRED TO nose came up, overcont-olled it,
PERFORM TASK: ANY SPECIAL PILOT INPUTS? - nose down.. .bounding dcwn runway

ANY TENDENCY TOWARDS PlO? - no
large overcontrol tendencies

VELOCITY CONTROL: no problem
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no problem
CONTROL:

ANY TENDENCY TO no
PIO? OVERCONTROL?

TURN COORDINATION:

A PROBLEM? no problim

PERFORMANCE: APPROACH - piece of cake

LANDING, MOST -yes grossly overcontror
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: not a factor

S*MAY COMMENTS:
MY CHANGE IN Difference between P1S and P17: both quite laggy, P17 lag
RATING? was not obvious until in close, stick forces heavier thanbefore - nose cam up faster than before, causing much greater

owrcontrol problem than PIS. (NOTE: pilot lost control in
one landing, no record available.)

NOTE: ES for P15. L free.
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APPENDIX B

LATERAL PILOT COMMENTS

Brief summaries of the pertinent pilot comments for the
lateral evaluation configurations are presented in this Appendix.
The heading block information is consistent with the data summary
table in Section VI-3. Note that the digit aLter the flight
number represents the order in which the evaluation was performed
on that flight.
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CONFIGURATION -O. - -I DELAY__ FLIGHTR15- rLA Pss~l EA

LI ..... 2083-3

PILOT RATING (SP) LOS -. - PILOT

4 (4) A

FEEL FORCES, DISPLACEMENTS - no comts
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOU.T - little too sensitive initially
SENSITIVITY? then sluggish for large turns

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

PERFOR TA5K: ANY- SPECIAL PILOT INPUTS?

ANY TENDENCY TOWARDS P1O? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - sensitive about neutral position
CONTROL: but then had to overdrive,

ANY TENDENCY TO - stopped right where you left it
PIO? OVERCONTROL?

TURN COORDINATION:A PROBLEM? not a factor

PERFORMANCE: APPROACH - initially quick, then slows
down

LANDING, MOST -
DIFFICULT? not uch problen in flare

EFFECTS OF non*
WIND/TURBULENCE:

SUMMARY COMMENTS:
ANY CHANGE IN Debating between a 4 and S.
RATING?

NOTE: Advanced Fighter HOS-3 (450 Flap)
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CONFIGURMAu d M .R.L. A 'Ps /lb DELAY FLIGHT

L2 2083.4

PILOT RATING (SP) LOS/ . .0S 6 .07 PILOT

3 (4) _ A

FEEL FORCES, DISPLACEMENTS - no comments
CHARACTERISTICS: SAT ISFAC'ORY?

ANY COMPLAINTS ABOUT - tiniest bit abrupt
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
PERFODT K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - yes., response a bit abrupt; got
CONTROL: some jerkiness but not much

ANY TENDENCY TO -
PO? OVERCONTROL? no

TURN COORDINATION:
A PROBLEM? no

PERFORMANCE: APPROACH - had to overdrive bank some but
it stops where I wanted it

LANDING, MOST -
DIFFICULT? no

EFFECTS OF
WINO/TURBULENCE: none

SUMMARY COMENTS: Similar to 2083-3 (LI). Forces a little heavier here.
ANY CHANGE IN Debated between 3 and 4..
RATING?

fTE: ES for Li
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CONFIGURATION HoS-4 D EL"L A ss/lb DELAY FLIGHT

L3 2080-2

PILOT RATItG (SP) LOS - PILOT
a4 (S) A

FEEL FORCES, DISPLACEMENTS - strange. form feel in rollI
CHARACTERISTICS: SATISFACTORY? during sidesteps

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
R~qIRED TO
PERFORM TAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - felt strange; initial response
CONTROL: slow, but when input removed

ANY TENDENCY TO - .aircra*t stopped right there
PlO? OVERCONTROL? occasional very small

osci 1 ation
TURN COORDINATION:
A PROBLEM?

PERFORMANCE: APPROACH - sidestep showed up annoying
feel characteristics and

LANDING, MOST - occasionally little oscillation
DIFFICULT? no, would like to see it in

turbulence
EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COMMENTS:
ANY CHANGE IN Could do the Job but wasn't pleasant because of
RATING? roll rTsponse.

NOTE: Advanced Tighter HOS-4 (30* Flap)
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CONFIGURATION NOS R r.LA. p55 /lb DELAY FLIGHT

1.4 200-5

PILOT RATING (SP) LOS O.S O.OS 10 OS PILOT
4 (4) V/ A

FEEL FORCES, DISPLACEMENTS - light in roll
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - little too sensitive in roll
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE. - okay
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REWIRD TO
PIFORMTAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - Little too sensitive, abrupt
CONTROL: initially; final response was

ANY TENDENCY TO - precise
PIO? OVERCONTROL? some tendency for small overcontrol.

due to lateral sensitivity
TURN COORDINATION:
A IROBLEM' no problem

PERFORMANCE: APPROACH - okay

LANDING, MOST - no special problems related
DIFFICULT? to flae

EFFECTS OF Ver Gl
WIND/TURBULENCE:

SUMMARY COMMENTS: Changed to rating 4 after coinnts.
ANY CHANGE IN
RATING?

VOTE: ES for L3
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CONFIGURATION IOS r LAG DS -EL FLIGHT
L4A 2080-3

PILOT RATING (SP) LOS 0.S O.Os 7 .0 PILOT
3(3) / A

FEEL FORCES, DISPLACEMENTS - lateral forces little lighter-
CHARACTERISTICS: SATISFACTORY? than desired

ANY COMPLAINTS ABOUT -
SENSITIV ITY ,

PITCH ATTITUDE INITIAL RESPONSE, -no poblem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSEREQUIRED TO

FERFO __.1-T__K: ANY SPECIAL PILOT INPUTS? - .

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL: .....
,SATISFACTORY? oa

BANK ANGLE SATISFACTORY? - no problem except sidestep;
CONTROL: a little quicker laterally than

ANY TENDENCY TO -I would have liked
PIO? OVERCONTROL? no

TURN COOROINATION:
A PROBLEM? no problem

PERFORMANCE: APPROACH - had to take it easy in Side-
step because of high lateral

LANDING, MOST - sensitivity
DIFFICULT? no

EFFECTS OF
WIND/TURBULENCE: none, unfortunately

SUMMARY COMM ENTS:
AY CHANGE IN : Comparison with L3: not alike at all, this one was lightAT!NG? and responsivt but first one was abrupt, heavy andrequired overdriving.

NfME: IA vith gain changed.
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CONFIGURATION HOS ' rLAG j S/lb DELAY FLIGHT

LS 2077-1

PILOT RATING (SP) LOS 0.6 0.05 4 . PILOT

2 (2) / A

FEEL FORCES, DISPLACEMENTS - okay
CHARACTER IST ICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REgUIRED TO
PERFORM TASK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no problems, little sluggish
CONTROL: perhaps

ANY TENDENCY TO -
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? no problems

PERFORMANCE: APPROACH - tended to overdrive more at down-wind and base position than in

LANDING, MOST - flare
DIFFICULT? no problem, easier than approach

EFFECTS OF none
WIND/TURBULENCE:

SUMMARY COMMENTS:
ANY CHA 4GE IN could fly it all day
RATING?

NOTE: Short time constant - Lag.
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CONFIGURATION NO-S R T Af DELAY FLIGHT

LS 2084-1

PILOT RATI-NG (SP) 1OS0 . PILOT

2 (2) 0.6 0.05 5-

FEEL FORCES, DISPLACEMENTS - forces light, roll displacements
CHARACTERISTICS: SATISFACTORY? a bit large for personal liking

ANY COMPLAINTS ABOUT - okay
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - very nice
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRD TO
PERFORWTK: AY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: satisfactory
SATISFACTORY?

BANK AiGLE SATISFACTORY? - very predictable, even on
CONTROL: large sidestep

ANY TENDENCY TO -*n
PIO? OVERCONTROL?

TURN COORDINATION: n p
A PROBLEM? no problems; no rudder rured

PERFORMANCE: APPROACH - lower workload

LANDING, MOST - yes, but no problem
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

SUMM ARY COMENTS:
ANY CHANGE IN Good aircraft.
RATING?

NOTE: Short Time Constant - Lag.
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CONFIGURATION NOS 'Z Iss/Ib DELAY FL OGT
1LL ,_,,-2081-2

PILOT RATIIG (SP) LOS O.S O.OS 4 PILOT
2(C1) v/D

FEEL FORCES, DISPLACEMENTS - pretty good
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no problems
SENSITIVITY?

PITCH ATTITUDE IN!TIAL RESPONSE, n
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE no p"oblem
REQUIRED TO
PEFOMT__: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - good
CONTROL:

ANY TENDENCY TO - no
PlO? OVERCONTROL?

TURN COORDINATZON: okay, some adVerse yaw on
A PROBLEM? sidesteps

PERFORMANCE: APPROACH - no difficulty

LANDING, MOST - no problem
DIFFICULT?

EFECTS OF
WIND/TURBULENCE: none except for s de windafter touchdown from a large

, helt icar, .. ....
SI-4ARY C"ENTS: " ,c t'
IANY CHANGE IN Not a lot of difference between this and previous

1RATING? configuration CLl6A).

2n1T: Short Time Constant - Lag.
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CONFIGURATION NOS 'T Tr ESS/lb DELAY FLIGHT

LSA 2076-1

PILOT RATING (SP) LOS 0.6 -3 PILOT

3 (3) /

FEEL FORCES, DISPLACEMENTS - satisfactory
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - not overly sensitive
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - little slop around neutral
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE but not bothersome
REQUIRED TO
PMERFT TK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PIO? - no

VELOCITY CONTROL: satisfactory
SATISFACTORY?

BANK ANGLE SATISFACTORY? - satisfactory
CONTROL:

ANY TENDENCY TO -no
PIO? OVERCONTROL?

TURN COORDINATION: good
A PROBLEM? good

PERFORMANCE: APPROACH - simple

LANDING, MOST - easy, but must learn to corn-
DIFFICULT? pensate for floating tendency

of T-33

EFFECTS OF
WIND/TURBULENCE: none

SUMM RY COI.MENTS':" .sti.......oryANY CHANGE INs

RATING?

NOTE: L5 without Lag.
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CONFIGURATION NOS T' r Ss/1b DELAY FLIGHT

46 2078-4

PILOT RATIG (SP) LOS 0.4 0.1 S PILOT.
iA2 (2) A/

FEEL FORCES, DISPLACEMENTS - no problem

CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, no prblm
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE no problem
REOUIRED TO
PERFORM ____: ANY SPLCIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - super, did what I wanted even
CONTROL: before I was aware I was telling

ANY TENDENCY TO - it to do that
PIO? OVERCONTROL? no

TURfl COORDINATION:
A PROBLE? okay

PERFOR1ANCE: APPROACH - good

LANDING, MOST - good
0 IFF.ICULT?

EFFECTS OF
WIND/TURBULENCE: none

SSUMMeARY COMMENTS: ......-
SUAY COE NTS: RIRating 1 laterally, 2 Overall, everything was good.
ANY CHANGE IN
RATING?

vMOTE: Short time constant - Lag.
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CONFIGURATION NOS ? R Irl DELAY FLIGHT

L7 2079-S

PILOT RTING (SP) LOS 0.4 0.1 5 PILoT

s (2) 
A

FEEL FORCES, DISPLACEMENTS - no commnts
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
R~jqg9E TO
PEWRM TW' ANY~ SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS P1O? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - had to overdrive aircrazft a littl
CONTROL: to get desired response, but

ANY TENDENCY TO - seemed, to stop crisply
PlO? OVERCONTROL? ho

TURN COORDINATION:
A PROBLEM? no coUmmnts

PERFORMANCE: APPROACH - okay

LANDING, MOST- no probm
DIFFICULT?

EFFECTS OF
IQND/TURBULENCE: not a factor

SUMMARY COMMENTS:ANY CHANGE N Debated between 2 and 3, selected 3,
RATING?

U :OT! Short tLm constant - La.
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CONFIGURATION HOS .L" r, P5 /lb DELAY FLoIGHT

"L7A 2083-7

PILOT RATING (SP) LOS 0.4 0.2 S .09 PILOT

4 CS) A

FEEL FORCES, DISPLACEMENTS * fairly heavy forces laterally
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

R9IED TO
PFORM TAU: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - no, overdriving required to got
CONTROL: what you want

ANY TENDENCY TO -no, stops where you want it
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - okay, but must work at
sidesteps

LANDING, MOST -
DIFFICULT? san coments

EFFECTS OF no
WIND/TURBULENCE:

SUMMRY COMMENTS: Hot "push" aiplane to got desired performsnce.
ANY CHANGE IN
RATING?

WIrE; L7 with time delay.
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CONFIGURATION HOS TR . 1L #s/1b DELAY FLIGHT

L8 2078-1

PILOT RATI,% (SP) LOS 0.6 O.S 5 " PILOT
/As (S)

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

R~qgREDTO
FERFRM TAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SAT ISFAr'ORY? okay

BANK ANGLE SATISFACTORY? - needed "bang-barg" control inpu:s
CONTROL: in large sidestep, little sluggishl

ANY TENDENCY TO - .oscillatory
PIO? OVERCONTROL? yes, slight P10 tendency - very

slow oscillations

TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - no problem, except sidestep

LANDING, MOST - gust caused some problem, led
DIFFICULT? to roll oscillations

EFFECTS OF small crosswind, not really
WIND/TURBULENCE: a major problem

SUR4ARY COMMENTS:
ANY CHANGE IN Had to be flown smoothly in roll. Sidestep was the problem
RATING? in roll. Overcontrolled, slow lacks predictability.

OThs Short time constant - Lag.
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CONFIGURATION NOS T r /lb DELAY FLIGHT
l-AA -S
_ _ _ 0.4 1.0 7 2079-4

PILOT RATING (SP) LOS PILOT

6 (5) A

FEEL FORCES, DISPLACEMENTS -
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -no coments
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REN IRED TO

PERFORM TZK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - turning final get an overshoot
CONTROL: in bank then 3 to 4 oscillations

ANY TENDENCY TO - sidestep caused a little
PIO? OVERCONTROL? overcontrol past desired bank

angle. Oscillations slow
enough that there was no
danger of losing it in a PIO.

TURN COORDINATION:
A PROBLEM? okay

PERFORMANCE: APPROACH - sidesteps were the problem

LANDING, MOST - flare no problem in calm winds
DIFFICULT?

EFFECTS OF nWIND/TURBULENCE:

SUMMARY COMMENTS: suspect more problems would show up in the flare with a
ANY CHANGE IN gusty crosswind
RATING?

NOTE: Short time constant - Las.
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CONFIGURATION NOS ' r p/lb DELAY FLIGHT

LBs 2086-6

PILOT RATIG (SP), LOS 0.4 1.4 s PILOT
A

FEEL FORCES, DISPLACEMENTS - okoy
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

RE9 REDTO
PERFORMTAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - slow to respond then over-
CONTROL: control on final turn and sidestep

ANY TENDENCY TO - yes, easy to overcontrol
PlO? OVERCONTROL?

TURN COORDINATION: not a factor
A PROBLEM?

PERFORMANCE: APPROACH - had to "back out" of task during
sidestep

LANDING, MOST - yes. So much attention required
DIFFICULT? v ai lateral that pitch was messed

up. Landed long.
EFFECTS OF
WIND/TURBULENCE:

SUMMARY COMMENTS:
ANY CHANGE IN Concerned about hitting tip tanks, dangerous
RATING? aircraft in close in roll.

NOTE: Short time constant - Lag.
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-- ' _______ .. L L. ..s/l EAYFIH

CONFIGURATION _____ -. -

PILOT PATrz (SP LOS 0.4 1.4 S P ILOT

S (6) "

FEEL FORCES, DISPLACEMENTS - lateral forces weren't good,
CHARACTERISTICS: SATISFACTORY? forces high, large displacements

ANY COMPLAINTS ABOUT - less than what I'd like in roll
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
FEDTAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? oka

BANK ANGLE SATISFACTORY? - adequate, lag noticed in initial
CONTROL: response

ANY TENDENCY TO - slight tendency to overcontrol
PZO? OVERCONTROL? in bank and slight tendency to

P.O whom tying to take bank out
TURN COORDINATION:
A PROBLEM? considerable VTers yaw,

not corfc w-- .

PERFORMANCE: APPROACH - not a probleb

LANDING, MOST - more problem, especially
DIFFICULT? with sidestep

EFFECTS OF
WIND/TURBULENCE: none

SUMARY COMMENTS:
AY CHANGE IN System can perform the task but I didn't like it.
RATING?

ROTE: Short time constant - Lag.
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CONFIGURATION 10S Lr r P f1b DELAY FLIGHT

1,9 2079-3

PILOT RATING (SP) LOS 0.4 0.0S S .09 PILOT

2 (2) /

FEEL FORCES, DISPLACEMENTS - no problem
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE,
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE- orbe.
REqgIRED TO
PEFR K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL:
SATISFACTORY? good

BANK ANGLE SATISFACTORY? C € , sure &oo predictability;
CONTROL: little lag noticed in initial

ANY TENDENCY TO - response
PIO? OVERCONTROL? no

TURN COORDINATION:
A PROBLEM? no problem

PERFOR4ANCE: APPROACH - esy

LANDING, MOST - no problem
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COMMENTS:
ANY CHANGE IN Debating 2 to,3 rating, settled on 2.
RATING?

IWZZ: Short time constant - Time delay.
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CONFIGURATION 115 TR r p /l DELAY FLIGHT

LIO 2077-4
PILOT RATING (SPe) LOS 0.4 0.05 S 14 PILOT

S (4) / A

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - too sensitive in roll
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
RE TO
PERFOR TA k: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - abru.pt, jerky response, too
CONTROL: sensitive but predictable, some

ANY TENDENCY TO - delay noticed
PO? OVERCONTROL? yes, PIO in gusty conditions

TURN COORDINATION:
A PROBLEM? okay

PERFORMANCE: APPROACH - no problem but annoying to have
abruptness in roll axis

LANDING, MOST yes, gustiness caused major
DIFFICULT? problems

EFFECTS OF'
WIND/TURBULENCE: caused overcontrol, tendencytoward PIO; probably be worse in

more zustZ conditions-
SUMMARY COMMENTS:
ANY CHANGE IN Very gust responsive in roll. Would be worse in
RATING? strong turbulence.

ITE: LIO without filter.

155

I ' 4



* i CONFIGURATION WOS T, L /1b DELAY FLIGHT
NO -T rA

LIOA 2076-3

PILOT RATItG (SP) LOS 0.4 - .14 PILOT

3.5 (4) D

FEEL FORCES, DISPLACE4ENTS - satisfatoTy
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - satisfactory
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -nothing changed
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQIRED TO
VEORMTK: ANY SPECIAL PILOT INPUTS? - no

ANY TENDENCY TOWARDS PlO? - little pitch oscillation
on second landing

VELOCITY CONTROL:
SATISFACTORY? okay

BP'iK ANGLE SATISFACTORY? - okay
CONTROL:

ANY TENDENCY TO - .no
PIO? OVERCONTROL?

TURN COORDINATION: small adverse yaw but
A PROBLEM? prle, no problem

PERFORMANCE: APPROACH - no problems

LANDING, MOST - no problems
DIFFICULT?

EFFECTS OF none
WIND/TURBUtENCE:.none

SUMMARY COMMENTS: satisfactory
ANY CHANGE IN
RATING?

NOTE: Short time constant - Time delay.
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CONFIGURATION HOS lr/b DELAY FLIGHT

L1i 2078-6
PILOT RATI16 (SP) LOS 0.4 0.05 4 .20 PILOT

3 (4) A

FEEL FORCES, DISPLACEMENTS - satisfactory
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIV ITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM YTXK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY?

BANK ANGLE SATISFACTORY? - initial response little slow;
COt4TROL: slight tendency to overcontrol

ANY TENDENCY TO - final response
PIO? OVERCONTROL? no PlO

TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - noticed a little requirem.ent to
use opposite control to stop.

LANDING, MOST- rol: rate
DIFFICULT? sidesteps were the problem area

EFFECTS OF
WIND/TURBULENCE: none

SUMIARY COMMENTS: M4ight have been different in a gusty crosswind.
ANY CHANGE IN
RATING?
TM: Short time constant - Time delay.
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CONFIGURATION Nos __r P s/Ib DELAY FLIGHT

lA.A, Lii. L1i 2084-3

PILOT RATING (SP)J LOS 0.4 O.OS 5,4,3 .20 PILOT

6.5,4 (5) C

FEEL FORCES, DISPLACE' ENTS - no coments
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - a little too sensitive
SENSITIVITY? initially (A)

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
RE921RED TO
PEFORMTAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: satisfactor
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no, too sensitive (A); ittle
CONTROL: oversersitive in close 'Lll);

ANY TENDENCY TO - .little on sluggish side (3).
PlO? OVERCONTROL? no, but needed high frequency

stick oscillation to ccntrol (A)

TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - did not reveal deficiencies,

LANDING, MOST 
okay

DIFFICULT? Yes

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COMMENTS:
ANY CHANGE IN No change in ratinp.
RATING?

NMOT: Approach f1, LIIA; Li1 with gain change.
Approach 92, L11; Short time constant - Time delay.
Approach 93, LiiB; i1 with gain change.
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44CONFIGURATION HOS 'F rL DELAy, FLIGHT

L11C 2063-6

PILOT RATING (SP) LOS 0.4 O.OS 6 .30 PILOT,
, (9) 1/" A

FEEL FORCES, DISPLACEMENTS -
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - a little bit slow initially,
SENSITIVITY? then abrupt start

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

PERFOM TK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - no., slow then abrupt
CONTROL: ANY TENDENCY TO - little P10 when stopping roll

PIO? OVERCONTROL? once I got out of loop, stopped
right there

TURN COOROINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - sidesteps a problem; easy to PIO

LANDING. MOST - lot of effort required to avoid
DIFFICULT? lateral P10

EFFECTS OF
WIND/TURBULENCE: none

SI' ARY C"ffENTS:.. . . .... . ..
ANY CHANGE IN Debate between I and 9. Quick little roll PIO in sidesttp

RATING? maneuvers when stopping.

x?: Short time constant - Time delay*
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CONFIGURATI IO / I±. os t ... i& #ss/lb DELAY FLIGHT
LI1C 2081-4'

PILOT RATING (SP) LOS 0.4 0.05 S .30 PILOT6(6 /D6 (8)

FEEL FORCES, DISPLACEMENTS - not bad

CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no €omrents
SENSITIVITY?

PITCH ATTITUDE -- INITIAL RESPONSE, no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRD TO
PERF~ctL TAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS P IO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - due to lag to roll response
CONTROL: there was a tendency to over-

ANY TENDENCY TO - control
PIO? OVERCONTROL? yes, but mainly in making small

inputs in flare

TURN COORDINATION:
A PROBLEM? no problem

PERFORMANCE: APPROACH - no problem; tendency to over-
control, less for large

.LANDING, MOST - corrections
DIFFICULT? yes, PlO. tendency greatest

just befoxe touehdCAn

EFFECTS OF
WIND/TURBJLENCE: calm but could probably go to

a 9 or 10 if in gusty conditions

SU IMARY COM4ENTS:
ANY CHA," E IN Rating could be a little lenient but will stay with a 6.
RATING?

NOT : Short time constant - Time delay.
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CONFIGURATION NOS . " s /luDELAY FLIGHT
LIIO I ;078-2

PILOT RATI1G (SP) LOS 0.5 0.5 5 .15 PILOT
JA

10 (10) A

FEEL FORCES, DISPLACEMENTS - no comments
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - fairly sensitive
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, no comments
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
!REQUIRED TO
PERFORl TAK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - very poor even with the lowest
CONTROL: time delayANY TENDENCY TO

PIO? OVERCONTROL? very definitely, dangerousaircraft

TURN COORDINATION:

A PROBLEM? not a factor

PERFORMANCE: APPROACH - no problem

LANDING, MOST - wind picked up right wing, over-

DIFFICULT? controlled correction. Safety
Pilot took control at 2 ft. in
air. Could have lost airplane
if we hadn't been quick.

EFFECTS OF disturbances lead to PIO.
WINO/TURIULViICE:

SUWARY CO~?4rrs.
ANY CHANSE IN Debatable whether I was going to be able to laad it all the
PATING? way. (with more than 1SO NS delay, it's a disaster)

V0: Short tifm constant - Plus time delay.
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CONFIGURATION HOS TR  'L AGfib DELAY FUIGHT

L12 20$3-1

PILOT RATING (SP)1 LOS 1.2 0.05 6 -PILOT

5 (4) ,- A

FEEL FORCES, DISPLACEMENTS - heavy lateral forces
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REIRD TO
WFVRT K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY?

BANK ANGLE SATISFACTORY? - slow getting to desired bank
CONTROL: angle, had to anticipate roll out.

ANY TENDENCY TO - Had'to ease off on corrections.
PIO? OVERCONTROL?

no real oscillations, very slow
overcontrol.

TURN COORDINATION:
A PROBLEM? no coments

PERFORMANCE: APPROACH - no problem except for sidestep
corrections

LANDING, MOST - no real problem in flare
DIFFICULT?

EFFECTS OF none
WIND/TURBULENCE:

SLMARY CO-%4ENTS:
ANY CHANGE IN No covmnts.
RATING?

NOI: Long time constant - lag.
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CONFIGURATION NOS , , AG .SS/lb oELAY FLIGHT

L12 2077-2

PILOT RATING (SP) LOS 1.0 O.OS 6 PILOT

4 (4) / A

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
P'ERFORM" K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - n6ticed lag only during sidestep
CONTROL: task, normal landing didn't showANY TENIDENCY TO -

PIO? OVERCONTROL? tendency to get too much roll andovercontrol

TURN COORDINATION:
A PROBLEM? not perfect but not a factor

PERFORMANCE: APPROACH - some problem with bank angle
precision on final turn

LANDING, MOST - yes, with aggressive lateral
DIFFICULT? tasks

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COMENTS: Not much difficulty during normal landing, but aggressive
ANY CHANGE IN sideslip showed lag and overcontrol tendency.
RATING?

I=: Long time constant - lag.
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=FIGURATION N. 'r , r DELAY - FLIG4T

L12A 2076-2

PILOT RATING (SP) LOS .9 PILOT
3.S (3) v/ D

ID

FEEL FORCES, DISPLACEMENTS - forces little higher laterally
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - might prefer a little more
SENSITIVITY? in roll

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REOUIRED TO
PERFORMTA5'K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL:
SATISFACTORY? better with practice

BANK ANGLE SATISFACTORY? - okay
CONTROL:

ANY TENDENCY TO - none
PlO? OVERCONTROL?

TURN COORDINATION: . .
A PROBLEM? nothing too distracting,

little adverse yaw

PERFORMANCE: APPROACH - about same, no problem

LANDING, MOST - no problem
DIFFICULT?

EFFECTS OF none
WIND/TURBULENCE: none

,SuHIARY COltiENTS: no problems CSafety Pilot comment: very smooth.
ANY CHANGE IN predictive pilot)
RATING?

t L12 without lag.
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CONFIGURATION HOS TR r . DELAY FLIGHT

L13 2079-1

PILOT RATING (SP) LOS 1.2 0.1 6 PILOT
/A

4 (4) A

FEEL FORCES, DISPLACEMENTS - okay

CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PERFORM TA'K: ANY SPECIAL PILOT INPUTS? -

A44Y TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - on. tumn to final, little slow
CONTROL: into bank, overcontrolled

ANY TENDENCY TO - oscillated about final bank angle;
PIO? OVERCONTROL? tended to overturn in sidesteps

TURN COORO INAT ION:
A PROBLEM? no problem

PERFORMANCE: APPROACH - opposite control to stop roll

LANDING, MOST rate required in sidestep

DIFFICULT? no problem in flare in absence
of gusts

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY CO'.MENTS:
ANY CHANGE IN Sluggish initial response in sidesteps, tended to overcontrol.
RATING?

1OTI: Long time constant - Lag.
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CONFIGURATION NOS TR rL G DELAY FLIGHT
L14 2080-1

PILOT RATI:M (SP) LOS 1.2 0.2 6 PILOT

s (s) A

FEEL FORCES, DISPLACEMENTS - no problem
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRD TO
PERFOR YK: ANY SPECIAL PILOT INPUTS?

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - little sluggish on initial
CONTROL: response, had to overdrive to

ANY TENDENCY TO - get desired response, w:ould
PIO? OVERCONTROL? overshoot then oscillate

no
TURN COORDINATION:
A PROBLEM? no problem

PERFORMANCE: APPROACH - didn't want to do sidestep
aggressively because of over-

LANDING, MOST control tendency
DIFFICULT? no

EFFECTS OF "
WIMD/TURBULENCE: none

S4.M4ARY COMMENTS:ANY CNANGE IN Required lot of lead to fly without overshoot. Could beRATING? I 6 but stay with S rating.

0Ts Long time constant - Lat.
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CONFIGURATION NOS R , SS/lb DELAY FLIGHT
im- -

L14 2077-3

PILOT WA7'IG (SP) LOS .9 0.2 6 PILOT

7 (6) A A

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERI STICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAl. RESPONSE, " no problem
RESPOISE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REOUIRED TO
PERFORTK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - norticed lag on rollout more than
COITROL: roll in, not acceptable

ANY TENOENCY TO - could not bring myself to put in
PIO? OVERCONTROL? large corrections around pattern

and during sidesteps

TUR:I1 COORDINAT ION: n t a f c oA PROBLEM? o a£co

PERFORflANCE: APPROACH - piece of cake

LANDING, MOST - sidestep was difficult for roll
DIFFICULT? task and there was more pitth

oscillation than desired

EFFECTS OF gusty crosswind present, a
WIND/TURBULENCE: problem in combination with

large sidestep
SUMMARY COMMENTS:
ANY CHANGE IN Almost initiated wave-off during large sidestep,
RATING? aggressive roll control not possible.

NOTX: Long time constant - Lag.
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M NFIGURATION NOS TR -LbAG DELAY FLIGHT

L14 2076-4

PILOT RATI'6 (SP) LOS .9 0.2 S PILOT

3 (3 .D.. ... _ _ _ _

FEEL FORCES, DISPLAC"IENTS - satisfactory
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - reasonably sensitive in roll
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REOUIRED TO
PMFOR, TK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CCNTROL:
SATISFACTORY? satis factory

BANK ANGLE SATISFACTORY? - yes, good
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:A PROBLEM? little adverse yaw but
no problem

PERFORMANCE: APPROACH - no problems

LANDING, MOST- about ?he sa
DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COM4ENTS- Satisfactor
ANY CHANGE IN
RATING?

NOTE: Long time constant - Las.
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CONFIGRATION NOS T r PS/lb DELAY FLIGHT
_ _ ~~LM~

1 .4A 2077-S

PIULT RATIN (SP) LOS .9 .S 7 PILOT

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT no
SENS ITIV ITY?

PITCH ATTITUDE ,INITIAL RESPONSE, no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO

M : ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - no. , slow in initial response then
CONTROL: to stop roll must control in

ANY TENDENCY TO - opposite direction
PIO? OVERCONTROL? yes, slow oscillation in sidesteps

small opposite inputs required
TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - quick sidestep or gustiness easily
excited, lateral oscillations

LANDING, MOST - yes, oscillatory for quick
DIFFICULT? inputs in gusts near the gromd

* EFECTS oF ' . . .. .
EINE/TURBUL C[: a moderate gusts lead toWIDTRBLNE roll oscillations

ANY CHANGE IN Rating I o smooth air, rating 8 for gis y air due to
ATCNGE Ilateral oscillations.

* RATING?

Wn: Long time onstant - Le.
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CONFIGURATION HOS R rL p/ b DELAY FLIGHT

1.14A 2081-3

PILOT RATING (SP) LOS .9 0.5 6 PILOT

3 (4) /

FEEL FORCES, DISPLACEMENTS - pretty ood
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no problems
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPOUSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

REWIRD TOANY SPECIAL PILOT INPUTS?

ANY TENDENCY TOWARDS PlO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - good
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION: adverse yaw apparent, but
A PROBLEM? not a problem

PERFOP4ANCE: APPROACH- n difficulty

LANDING, MOST -
DIFFICULT? no probles

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY COIMENTS:
ANY CHANGE IN Appeared very similar to two previous configurations.
RATING? Same coments 2081-2 (LS).

NOTE: Long time constant - Las.
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CONFIGURATION HOS Tr  rsslb DELAY FLIGHT

L14A 21076-5

PILOT RATING (SP) LOS .9 O.S 5 PILOT
4 (S)

FEEL FORCES, DISPLACEMENTS - seemed excessive in roll
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - little low in roll
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE$ -okay

RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
RECUIRED TO
ERFR K: ANY SPECIAL PILOT INPUTS? -

ANY TEMDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - yes, except gust caused problem
CONTROL:

ANY TENDENCY TO - no, just too slow to correct
PIO? OVERCONTROL? for gust

TURN COORDINATION: no problem
A PROBLEM?

PERFORMANCE: APPROACH - no problem

LANDING, MOST - same as approach
DIFFICULT?

EFFECTS OF

EIND/TURBULENCE: one gust, caused problem
laterally

SUMMARY COMMENTS: Gust upset on final on one approach. Lateral response
ANY CHNGE IN slower than r wanted. Offset no problem. Suspect that
RATING? control in turbulence would be a major problem.

NOTE: Long time constant - Lag.
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CONFIGURATION bIS T r.U. as/Ib DELAY FI4GHT

L148 2085- 2

PILOT RATING (SP) Ls 1PILOT

10 (1O) A

FEEL FORCES, DISPLACEMENTS - o cowm ts
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - slow in initial respcnse
SENSITIVITY?

PITCH ATTTUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REgUIRED TO
PERFURWTAS!K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: oka
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - no, slow to respond; went to
CONTROL: SO delree bank when 30 degree

ANY TENDENCY TO - wanted then overcontrolled other
PIO? OVERCONTROL? way

yes, slow PlO in sidestep
TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - bmk control required a lot of
pilot attention to avoid lateral

LANDING, MOST - PIO in sidesteps
DIFFICULT? could get it dotn but had to be

EFFECTS OF none
WIND/TURBULENCE:

SJV4ARY CO.t4ETS: Did not want to do a large sidestep, afraid to do it.
ANY CHANGE IN (Rating of 9 for small sidestep task.)
RATING?

N0: Long time constant La..
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CONFIGURATION LS .'r .. A. p5s/lb DELAY FLIGHT
U145 V$O4-2

PILOT RATING (SP) LOS 1.0 1.0 6 PILOT
a C9)"

FEEL FORCES, DISPLACEMENTS - large roll forces and
CHARACTERISTICS: SATISFACTORY? displacements

ANY COPLAINTS ABOUT -
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, no problem
RESPONSE TO INPUTS- PREDICTABILITY OF FINAL RESPONSE

-LU -A ANY SPECIAL PILOT INPUTS?

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? no problem

BANK ANGLE SATISFACTORY? - had to overdrive laterally both
CONTROL: roll in and out

ANY TENDENCY TO P1O every approach in close
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLEM? not a factor

PERFORMANCE: APPROACH - sluggish response, could be
seen on approach

LANDING, OST - yes, PIO every occasion, had to
DIFFICULT? eto off controls

EIND/TURBULENCE: none, but would have causedWINDTURULECE:big8 problem

SIJ ARY COtflENTS:
ANY CHANGE IN Had to use opposite control to stop roll attitudes. A
RATING? well earned rating of 8.

VMS3 Long time constant - usg.
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CONFIGURATION HOS TR r LAG  PS/b DELAY FLIGHT

LiS 2083-S

PILOT RATI"G (SP) LOS 9 o.os 9 .09 PILOT

4 (3) A

FEEL FORCES, DISPLACEMENTS - heavy laterally
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - would like something a little
SENSITIVITY? more responsive

PITCH ATTITUDE INITIAL RESPONSE, - no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQU IRED TO
TERF'OR T__K: ANY SPECIAL PILOT INPUTS?

ANY TENDENCY TOWARDS P1O? -

VELOCITY CCNTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - overdrove it a li:le; it was
CONTROL: slow Pnough though that I could

ANY TENDENCY TO - do it if I wanted a better
PIO? OVERCONTROL? response

TURN COORDINATION: not a factor.
A PROBLEM?

PERFORMANCE: APPROACH - no real problems except need
to overdrive response

LANDING, MOST-LADIGIC T no problem at all

DIFFICULT?

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY CO:,MENTS: Wanted a more responsive rc1 l control.
ANY CHANGE IN
RATING?

NOTE: Long time constant - Time delay.
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CONFIGURATION HOS ? rLAS SI DELAY FLIGHT

LIS 2078-3

PILOT NATVIG (SP) LOS .9 O.OS 6.09 PILOT

S (S) A

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS:, SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE.
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE no problem
REOUIRED TO
PER1OflrYK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY?

BANK ANGLE SATISFACTORY? - not too bad in pattern, but in
CO;.TROL: sidestep initial response delayed

ANY TEfIDENCY TO - tended to overcontrol final respe:
PlO? OVERCONTROL? sidestep forced "bang-bang" contr,

overcontrolled bank angle

TURN COORDINATION:
A PROBLEM? okay

PERFORMANCE: APPROACH - piece of cake

LANDING, MOST- didn't see roll problem in flare,
DIFFICULT? only in sidestep

EFFECTS OF not a factor
WIND/TURBULENCE:

SUMMARY COMMENTS:
ANY CHANGE IN Debated between a 4 and S - selected S.
RATING?

ROTE: Long time constant - Time delay.
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CONFIGURATION ..HOS 'R r.A.. DELAY FLIGHT

L16
2079-2

PILOT RATI';G (SP) LOS 1.0 O.OS 6 .14 PILOT

3 (5)/ A

FEEL FORCES, DISPLACEMENTS - okay, slightly heavy in roll
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE

PEROR _TSK ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL: okay
SATISFACTORY?

BANK ANGLE SATISFACTORY? - on turn to final aggressive
CONTROL: banking would cause an overshoot

ANY TENDENCY TO - but not oscillate
PlO? OVERCONTROL? some overcontrol

TURN COORDINATION:
A PROBLEM?

PERFORMANCE: APPROACH - sidestep caused overshoot but
no oscillations

LANDING, MOST -
DIFFICULT? not mny problems

EFFECTS OF
WIND/TURBULENCE: none

SUI4ARY COMMENTS:
ANY CHANGE IN Safety Pilot comments: some wing wobble noted in final
RATING? stages of the landing.

NTE: Long time constant - Time delay.
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CONFI6URATION NOS I rLr ,PS,,1b DELAY FLIGWT

16 2078-s

PILOT RATING (SP) LOS .9 OOS 6 .14 PILOT

4 (4)/ A.

FEEL FORCES, DISPLACEMENTS - okay
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, n
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE no problems
R~ggREDTO
PERFOM YZK: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS P IO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - quick to respond but not pre-
CONTROL: dictable, overcontrolled

PlOT OVERCONTROL? overcontrol in sidestep, no PIOtendency, needed opposite input
to s tolp

TURN COORDINATION:
A PROBLEM? okay

PERFORMANCE: APPROACH - no problems

LANDING, MOST - sidestep was the problem area
DIFFICULT?

EFFECTS OF
WIN6/TUROULENCE: none

SUKARY COMENTS:
ANY CHANGE IN Not great but problems ars minor.
RATINS?

v 3OTE Long time constant - Time delay.

177

. . . . . .



CONF IGURAT ION NOS T T, A p /lb DELAY FLIGHT

L1GA 2080-4

PILOT RATING (SP) LOS .9 O.OS 6 .20 PILOT
s (8) A

A

FEEL FORCES, DISPLACEMENTS - no comments
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - no comments
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, - no problem
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
REQUIRED TO
PFORM T K: ANY SPECIAL PILOT INPUTS? -

ANY TENJDENCY TOWARDS PIO? -

VELOCITY CONTROL: oka
SATISFACTORY?

BANK ANGLE SATISFACTORY? -

CONTROL: initial delay then aircraft
ANY TENDENCY TO - would respond quickly and over-
PIO? OVERCONTROL? shoot laterally; a little

tendency to PIO but not

TURN COORDINATION: 
divergent

A PROBLEM? no comments

PERFORMANCE: APPROACH - had to "backoff" control during
sidestep. Controllability was in

LANDING, MOST - question in severe lateral tasks
DIFFICULT? small oscillations in the flare,

gusty crosswind would be a problem,

EFFECTS OF
WIND/TURBULENCE: none

SUMMARY CO"MENTS:
ANY CHANGE IN No futher coments.
RATING?

vTE: Long time constant - Time delay.
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CONFIGURAT ION NOS T ' AG SDELAY FL IGHT

U16A 12081-I

PILOT RATING (SP) LOS .1.2 O.OS 6 .20 PILOT

_ _4) D

FEEL FORCES, DISPLACEMENTS - satisfactory
CHARACTERISTICS: SATISFACTORY?

ANY COMPLAINTS ABOUT - okay
SENSITIVITY?

PITCH ATTITUDE INITIAL RESPONSE, -no problems
RESPONSE TO INPUTS PREDICTABILITY OF FINAL RESPONSE
SRE RED TO
IPE SFrW K: ANY SPECIAL PILOT INPUTS? -

ANY TENDENCY TOWARDS PIO? -

VELOCITY CONTROL:
SATISFACTORY? okay

BANK ANGLE SATISFACTORY? - good
CONTROL:

ANY TENDENCY TO - no
PIO? OVERCONTROL?

TURN COORDINATION:
A PROBLE? some adverse yaw on sidesteps,

not a problem

PERFORb ANCE: APPROACH- good

LANDING, MOST -
DIFFICULT? good

EFFECTS OF
WINO/TURSULENCe': none, cal conditions

A Y COMMENTS: System was adequate for these tasks.
ANY CHANGE IN

[RATING?

NO12s Long time constant - Tim, delay.
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APPENDIX C

COMPARISON OF RATINGS AND COMMENTS FOR

OUIVA4N ST YSTOM

This Appendix compares, in detail, the pilot
rating and command data for high and low order
systems designated as equivalents.

Longitudinal Equivalents:

High Order System No. 1 (PL). Equivalents; P2, P2A
(La Fixed); P3, P3A (La Free)

The high order configuration P1 was flown by 3 evaluation
pilots and was awarded ratings of 2,2, and 3 for a mean of 2-1/3.
All three pilots noted negligible deficiencies. Pilot A stated
"teeniest bit of overcontrol on nose but predictable." There were
no comments on control forces, displacements, and sensitivity.
Pilot B had even less to say, Just stating in summary "negligible
deficiencies." Pilot C had minor comments, stating that the -cca-
trol forces and displacements were "satisfactory," sensitivity Wan
"no problem,' and the initial response was "very predictable. In
summary, he said "rating a 2 to 3."

The low order configuration P2 (La fixed match) was evaluated
once by Pilot A. He gave this configuration a rating of 2, essen-
tially the same as the high order Pl. Slight differences in
comments can be ascribed to the lower steady state gain than PL
(0.6 deg/sec/lb versus 0.8 deg/sec/lb for P1). Comments were.
"longitudinal sensitivity low" and "heavy longitudinal forces in
last bit of flare and touchdown." But he also commented "initial
response okay, predictable final reponse" and "little bit of
overcontrol at touchdown," so the basic dynamics were
indistinguishable from P1.

Configuration P2A was evaluated by Pilot C. His comments
included: "too much sensitivity, had to keep my inputs small"
and, in summary, "could do job but too sensitive in pitch." 42A
has a higher gain and slightly higher frequency than P2, 
explains these comments and his rating of 4. Howevet, Pftit 0
also found the lateral dynamics sensitive, so his results, taken
with Pilot A's, indicate reasonable equivalence.

Two different gains were implemented on the La free e4iA-
alents. Configuration P3 had a lower gain than PI (0.6 .vp,
0.8) and this makes it comparable to P2. Pilot A evaluated the
configuration and gave it a rating of 3. His omnts were
"slightly heavy longitudinal in flare," "little lag, tended (to)
slight overcontrol," and, on special pilot inputs "little tendency
to put iput in then wait." The comment on overoontrol tendnc
also appeared for the 306, Pl. The remaining cimments are all
qualifie( with 'small' and 'little' and the rating is virtually
the same as P1, so reasonable equivalence is demonstrated.
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Pilot B evaluated Configuration P3A with a gain of .9 deg/
sec/lb awarded it a rating of 3. The comuents were "tendency to
overcontrol in flare" and the sensitivity was "not too bad." The
response was not therefore noticeably different from the high
order P1 dynamics.

These configurations were not selected for Fast Fourier
analysis of the flight time history data. An early decision was
made to study equivalent systems which received generally poor
pilot ratings, which did not include these systems. However, for
graphical comparison with pilot comments the analytical solutions
of the frequency characteristics are shown in Figure C-1.

The. equivalent systems for P1 possessed mismatches of 136 for
P2 and 348 for P3 and 34 for P3K. There is no apparent correla-
tion between the coementa and the numerical mismatch values. In
suwmuary, reasonable equivalence was therefore demonstrated by
these configurations.
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High Order System #2 (P4, P4A). Equivalents; PS, P5A, P5B,
P5C (La Fixed); P6 (La Free).

The high order configuration P4 was evaluated 3 times; once
by Pilot A and twice by Pilot B. Pilot A awarded it a rating of
3. His summary comments were "nice until flare then noticed lag,
slight overcontrol." Pilot B's ratings were 4 and 3. Both times
he commented on the work involved - "worked hard in flare, landed
long first time or two." and "little difficult to establish ini-
tial pitch attitude, worked fairly hard." Sensitivity was also
noticed - "tendency to overcontrol due to sensitivity" and "saw a
little 'hunting' in pitch."

The gain variation of this system, P4A, was an attempt to
lower the sensitivity and re-evaluate the dynamics. However, this
configuration was landed only once at the end of a flight, so the
rating of 2 is questionable.

The equivalent systems P5, P5A, P5B, P5C explored variations
of numerator term L, and gain. In the first evaluation, config-
uration P5 was flown by Pilot A and had a gain value of i.1 deg/
sec/lb, which is less than the 1.3 value for the high order
system P4. The rating was 6, or 3 Cooper-Harper points higher
(i.e., worse) than his rating for P4. His comments were "slightly
heavy" forces, "overcontrolled final response, quick response,
and "nice airplane until quick inputs caused PiO's." Clearly, his
comments indicate less than desirable characteristics. The flare
and touchdown were the most troublesome -"small oscillatios in
flare and touchdown, small amplitude PIO," which is what he com-
mented on for P4. Also he stated "good if satisfied with a
landing 500' long," very similar to Pilot B's statement on P4.
Except for the comments on PiO's, the problems are similar to the
high order response. It is questionable though that the gain
change is responsible for the difference in ratings.

Pilot B evaluated the low order system P5, with a slightly
lowered command gain of 1.0 deg/sec/lb. The rating was 6. The
comments suggest problems with gain - "longitudinal was too sensi-
tive and, when asked if any special pilot inputs were needed, he
said "yes, careful attention required, had to lower gain," The
pilot found no tendency to PiO, "but worked stick hard to avoid,"
which is an apparent contradiction. The initial an final
response appeared as "not getting what I wanted or An" In
sumnary, the aircraft "borders on a 7." Assuming his 0iloting
technique suppressed the PlO and overshoot tendencies found by
Pilot A for P5, Pilot B approximately echoes Pilot A's evaluation.

The low order system was also flown with gain approximately
half the high order system value (0.7 versus 1.3 for P4), and L.
values of .55 and .8 configurations P5B, and PSC were *Valuatod by
Pilots A and B and given ratings of 2 and 3. The control f6rd..,
displacements, and sensitivities were "okay," the initial rospon.
had "slight hesitation and tendency to overcontrol," S nd ff--t*
put input in and wait." Finally "could overcontrdl nos in flat.

! 182



minor problem." These comments agree closel with the
evaluation of P4, and the ratings are identica.. It is poticeable
that the shift in steady state gain between PS and PSS and the
high order P4 brings the P5B high frequency gains (grea+*r than 10
rad/sec) in closer alignment. This comparison iS illustrated in
Figure C-2.

The La free equivalent of P4, configuration P6, was flown
with only one gain, and was evaluated once each by Pilots A and B.
Pilot A gave it a rating of 4. His comments were very similar to
those on P4 - "little bit of lag then bit of overcontrol" and
"wouldn't get PIO if you let it land 500 ft long." Pilot B's com-
ments centered on the sensitivity - "sensitive nose, took a very
light hand on stick" and the response was "predictable but sensi-
tive," but the rating was a 4. The gain on these evalations was
not significantly different from the high order system (P6 like
P5B shows close alignment with P4 at the high frequency gains.)

For this group of configurations, the test data analyses
suggest that a high frequency gain match is necessary.

High Order System #3 (P7). Equivalents; P8 La Fixed),
P9 (LQ Free)

This high order system duplicated a configuration run on the
previous LAHOS (Reference 4) experiment. The dynamics were desig-
nated 4-3 in LAHOS and P7 in this system evaluation. The LAHOS
experiment, however, had a series feel system while the ESP used a
parallel feel system. The second order lag feel system of the
LAHOS is equivalent to .05 seconds of additional time delay
compared with this experiment.

The dynamics for P7 were evaluated three times; twice by
Pilot A and once by Pilot B. The first evaluation by Pilot A
resulted in a rating of 4. The comments were "slow initial
response, overcontrolled final", "no steady PIO", and "oveircontrol
in flare. Wanted to put in small input and see what resulted,
didn't do it and was overcontrolling a little". The slow initial
response is understandable, since the dynamics contained a 4
rad/sec stick prefilter. Pilot A's second evaluation was less
critical; "didn't see much delay in nose", "more positive control
of the nose than in previous configuration (P4A", Avid, in sum-
mary, "very good, rating 1 to 2". A single coslaint was;
"slightest bit sluggish, nose a bit quicker than was in previous
configuration (P4A)". The final second rating for P7.by Pilot A
was 2. This rating is optimistic when viewed in the oont*xt of
the first evaluation. Pilot B's evaluation was mare akin to the
first evaluation of Pilot A. Rig rating was a 4 and his comments
were "tendency to overcontrol pitch cor, ictions" and "too much
pitch axis sensitivity". In sumary, "ittle too sensitive.
Tendency to overcontrol. Gross movement no problem, mainor but
annoying deficiencies." The overcontrol problem was noticed but
no initial lag tendencies were cm ented upon. If the second
rating of Pilot A is regarded as anomalous, the ratings and
comments are consistent.
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The L.~ fixed equivalent system, PS, was evaluated twice by
Pilot A and the L free equivalent, P9, was flown once by Pilot A.
Both times* the Pi? configuration was rated 5 with the remark. that
it could be 4 to 5.- The P9 rating was 3. The 4 rating for P8
ccimpares well with the ratings for P7. Inspection *of the Bode
plot* in Figure C-3 shows that the dynamic characteristics of P7,
P8, and P9 are similar. In general, the same descriptive commsents
were used by the pilot for the high order and the equivalent low
order systems, "tendency to overcontrol pitch corrections".

I ..... I T 11.1..

F'gm C3. quvalnt owO~dn LngludnalSysem

spite f woringu hC4d aqn awrde a angof 4.yilotAels

Hwc vlae h igh order system w4(lP1) qithalt ade1 pr2tm

dea PlA ofs .05luateonds tc sy ilt Aor cnplotel B.lth LA

configuration which contained the series feel system. The rat *ings
were 7and 6for P1lA. The rating of 7 was due to a P16.



The L a fixed equivalent system, P12, was evaluated twice by
pilot A and twice by pilot D. The ratings were 7 and 9 for A and
9 and 5 for B. The 5 rating for B is covered in the discussion of
pilot technique in VI-l-a, and should be disregarded. The average
rating (5.7) for the high order system is therefore noticeably dif-
ferent from the equivalent system average (7.S ). The equivalent
system caused more pronounced PIO tendencies. Since the mismatch
function is essentially zero in the .1 to 10 rad/sec range, the
pilot clearly is sensitive to some other phenomenon, possibly the
additional gain rolloff above 10 rad/sec, Figure C-4.

r r r r rrrr
r P P P P~PPJ.

I, U.,h

Figmr C.4. Effect of Gain Roll-Off at High Frequenc

High order System #5 (P13, PD3A). Squivalent; P14

* Pilot A though experiencing a small overcontrolling tendency
in flare, gave a rating of 3 to P13. The added .05 **conds delay
of P13A degraded -the rating to 6 due to a smail, fairly quick PXO.
(The P10 actually was around 1 cycle/second which is typical.t)
For the L fixed 6q.ivalent, P14, the rating was S, though the
pilot considered awarding a 4. Small amplitude oscillations were
evident during the flare.



On this flight, the first three configurations evaluated were
P13, P15 and P14 in that order. After P14, the safety pilot asked
for a direct comparison between P13 and P14.

Safety pilot (SP)- "while we're going around here, do you
recall the first airplane you flew, at all?"

*Evaluation pilot (EP); "Yes, I had no problem."

SP; "How would you compare the first with the third, those
two?"

EP; "On the first one I was overcontrolling a little bit - I
couldn't feel the lag and it was just a little bit more theta
(pitch) than I wanted, but there were no oscillation tendencies at
all. The one that I just flew, it was a little bit more of an
overcontrol than before and I was having to take back motions
quickly in the other way and was going into a quick oscillation.

The aircraft didn't feel that much different until I got into
the flare, and then there was a definite difference in the two,
there."

Since the difference between the two configurations appears
only at high frequencies (Figure C-5), this suggests that the
pilot is sensitive to those differences.

T 1

Figure C4. Effect of Added Time Delby .u
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P13 was LAHOS configuration 4-7 with force commands (i.e.,
with reduced effective lag because the feel system was removed).
A ding a delay of .05 sec to approximate the feel systems (con-
figuration P13A) degraded the rating considerably to a 6 or "maybe
a 7". The rating of 3 obtained for 4-7 in the LAHOS experiment is
therefore almost certainly anomalous, as was suspected in the
analysis of Reference 11 (Johnston).

High Order System #6 (P15). Equivalents; P16, Pl6A,
(La Fixed), P17 (La Free)

P15, with a rating of 8 (Pilot A) and 9 (Pilot B) showed
similar ratings to its equivalents; 8 for P16, 9 for P17 (both
Pilot A). Comments refer to PIO tendency and slow pitch response
for all the configurations. Configuration P16A had the delay
reduced by .02 seconds and pilot B awarded it a 5. However, the
safety pilot considered this rating to be optimistic, and Pilot C
awarded 7 to this configuration. Of more interest for Pl6A is
Pilot B's difficulty with the approach, which, rated an 8 or 9,
was clearly more troublesome than the actual landing. No expla-
nation is immediately evident for this. The time history shows
PIO tendencies for both Pilot C and B.

P15 was a sluggish configuration with considerable high
frequency lag. It produced a slow PIO (around 2 seconds per
cycle) in Pilot A's evaluation, with complaints such as "initial
response very slow; overcontrolled final response". The stick
force traces show gross, spiky inputs with a periodic content
around 2 sec/cycle, in spite of the pilot's efforts to "be very
careful and smooth: avoid resorting to a bang-bang control".
Pilot B experienced continuous PIO. The La fixed equivalent, P16,
obtained the same rating and comments as P15, but the P16 stick
force trace is less "spiky" in character. P17, the La free
equivalent, exhibited handling characteristics similar to P15 and
the pilot had the most difficulty in negotiating a landing. The
frequency response comparisons are shown in Figure C-6.
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Figure C4. Equivalent Low Order Systems, Level 3

Lateral Equivalents:

High Order System #1 (Li). Equivalent; L2

The ratings and comments were very similar for these two con-
figurations. The pilot debated between ratings of 4 and 5 for Ll,
and 3 and 4 for L2. The initial response was too sensitive or
abrupt, but the dynamics then tended to be somewhat sluggish.
Making a direct comparison, the pilot considered the two config-
urations similar, but the L2 forces appeared a little heavier.
Because the ratings and comments were similar, no response analy-
sis was prepared from the flight data. A comparison is shown in
Figure C-7, for the analytical response characteristics for Ll and
L2.
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Figure C-7. Equivalent Low Order Lateral System

High order System #2 (W3). Equivalents; LA, L4A

The ratings are similar for all three configurations (4, 4,
* ~And 3 for W3, tA and L"A respectively) but the comments indicate

significant dif forenoon. LS bad a slow initial response, Vhttoas
LA and tAA exhibited sensitivity. 'The steady state gain vat
higher for both the eivalonts so it is possible that a lower
gain would prodiaee closei equivalence of cotnients. L3 is compared
with ' L in Figure C-B. L4A Plight tent data was not analyted.
sinOc pilot aftwents and ratings were similar to- IA.
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Figure C4. Effect of Steady State Gain

"High" Order System #3 (L6). Equivalent L4

L6 was an excellent aircraft, with a rating of 2 overall and
1 for the lateral dynamics alone. L4, with a rating of 4, was
noticeably different, with initial sensitivity apparently degrad-
ing otherwise good characteristics. Therefore, though the rating
is on the extreme of pilot scatter, there is an indication of a
tangible difference. Figure C-9 shows that the roll response
characteristics of L6 and L4 are similar; but that the L4 has
higher command gain than L6, while for the same frequencies the
phase angle is less for L4 than for L6. The combination of high
gain and reduced phase angle roll-off degrades pilot rating of L4
and results in pilot comment - too sensitive and abrupt initially.
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Figure C49. Effect of Gain Difference and Time Delay Combined"ou

"High" order System #4 (U6). Equivalent L9

Good equivalence was demonstrated, with very similar comn
merits. Both aircraft received a rating of 2. However, L.9 had
"little lag in initial response." which was not noted for L6.
Figure C-10 shows that the frequency response characteristics of
L,6 and L9 are similar.
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APPENDIX D

ANALYTICAL COMPARISONS FOR HIGH AND LOW ORDER EQUIVALENT
SYSTEMS

The longitudinal and lateral analytical rate response charac-
teristics are compared using both Bode plots and step time history
matches. The roots of the high and low order configurations,
planned for the evaluation of the ESP, tabulated on the figures
and in Tables 5 and 8 the body of this report, are analytical
descriptions of each of the systems. As noted in Tables S and 8,
the configurations with a time delay network circuit should have
an additional time increment (.025 sec) to include equivalent
delay for the Butterworth filters. The data in this Appendix have
not been revised for the additional time increment, since para-
meters as presented are applicable for comparison purposes. Short-
period pitch rate response is selected as the appropriate para-
meter for the longitudinal evaluations, and the roll rate response
as the dominant factor for lateral analysis in the approach and
landing task.

LONGITUDINAL SYSTEMS

The analytical pitch rate response and step time history
matches for the longitudinal evaluations are shown in Pigures D-1
thru D-20. There are two sets of matches. One exhibits the
mismatch obtained by freeing the gain parameter, Pigure D-1
through Figure D-10. This is the same as sliding the gain plots
vertically to minimize the match. In the second set, Vigure D-ll
through D-20 the gains are held to the same nominal steady-state
value of unity. This illustrates the contribution of gain to the
mismatch. The equivalent parameters are otherwise unchanged.
Phugoid dynamics are excluded from the matches shown because there
is sufficient frequency separation between the phugoid and the
simulated short period frequencies. Inclusion would not alter the
short period results.

The roots of the high and low order configurations (P1, P2,
etc.) are defined on the plots. First order roots are shown
explicitly or in parenthesis. Second order pairs are shown in
brackets, with the damping ratio and undamped natural frequency in
radians per second. The comments are the most salient from Appen-
dix A. The ratings are Cooper-Harper as reported from the flight
evaluations.

The term 'cost' is the MCAIR mismatch function value, which

has been defined in Section II.

LATERAL SYSTEMS

The following are response characteristics, Bode and roll
rate step time histories for the lateral ESP data. Similar to the
longitudinal responses, there are two sets of comparison plots.
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APPENDIX D (Continued)

The first, Figures D-21 through D-30, illustrates the effect of
minimizing mismatch by freeing the gain. In the second set,
Figures D-31 and D-32, the gains are held to the same nominal
steady-state value of unity. Also, plots are presented for effect
of control system lag and time delay with "short" TR, high roll
damping (L5 through LIl), in Figures D-33 through D-43. The
effect of control system lag and time delay with "long" TR, medium
roll damping (L12 through L61), is shown in Figures D-44 through
Figure D-52.

As mentioned in the report, several instances of special
combinations of lag and time delay mistakenly evolved and are
included in the data summary. When these analytical data are
compared with the frequency response characteristics plotted in
Appendix E, the special combinations are evident.
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PILOT COMMENTS

P1 - Teeniest Bit of Over Control but Predictable. PR 2.
P2 - Little Bit of Over Control at Touchdown, Predictable Final Response. PR - 2.

W ~ AXRFRAJIK

Phase ?1P P2
nos LOS

0.70 1.10
Gain I 2  0.55 0.50

I. T 0 0.12

GAIN (K) 1.0 0.962

High Order System (HOS) 
COST - 42.5

--- Low Order System (LOS)

FREUENCY CRiD/SEC)

CONTROL SYSTE4

W P1 (KOS)
IS t

(20) (5) (2.5)

I I

ESP P '2 K=1 1/0.67 TIME CStCC

Figure D-1 Analytical Characteristics pitch Rate

ReOSponse and Step Time History
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PILOTCOOKT

?I - Teeniest Bit of Over Control but Predictable. PR -2

P3 - Little Over Control in Flare. PR -3.

(d AIRFlANE

PhaelP P3
IHOS LOS

vj Id Wasp 3.21 3.50

Gai I tp 0.70 0.60
Jj 1/-r62 0.55 6.30

0 0.07.

- High Order System (HOS) GAIR(K) 1.0 1.187

r_ _ _ _ __ _ _ _ it-- oire yse LS OT 2.

FRENUENCY CRMh5EC)

CONTROL SYSTEI

Mis - -P1 (fibS)

(1.)6.7)(4.1)(.76)

ESP PIMP 0-I.1n.i87 itMC

Figure D-2 Analytical characteristics -Pitch late
Responme and Step Time History



PILOT COMu4NTS

P4 - Nice Until Flare then Noticed Lag. Slight'Over 'Control. PR 3.
PS - Over Controlled Final Response, Quick Response. PR a 6.

AI

Ahs P 4 PS
Phae OB LOS

.57 1.90
U e 0.81 1.40

~ Gainlt6 0.55 0.55
IL T 0 0.12

GA!N(K) 1.0 0.986

-High Order system (ROB) COST - 23.2
Low Order System (LOS)

FNEUUENCY tNw/5fc)

CONTROL SYSTEMI

ISP MHOS)1312.5)20)

Flours 9-3 Analtical ChardcteTi~ticB Fitch kie
3espouse .. i Step TZieitorF



PILOT OMMSITS

P4 - Nice until flare then noticed lag. Slight over control. PR -3.
P6 - Little bit of lag then bit of over control. PR -4.

AIRFRAIM
A v P4 P6

Phae og LOS
W w 4.57 5.30

Gai ;; 0.81 0.70

1E 1. I /T 2- 0.55 12.5

T 00
GAIN(K) 1.0 1.174

~ - High Order System (10S)
---Low Order System (LOS)COT-3.

It FVERUENCY CNRD/SEC)

2.3 CONTROL SYSTEM

P4 (HOS)

I I.t
(2.5)(20)

(12.3 3)(C.64)(6. 7)

IsA

ESP PVIS K=I& 1.I174 TIMEC ctC)

Figure V)-4 Aalytical Cbetetertstice F itch V*tO
Respase sod tep Ties IUitoe7
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PILOT C0OVITS

P7- Slow Initial response, over controlled final. PR 4.
P8 B it of la& in Initial response and over control on final response,

had to backL out of loop a bit. PR S.

NJ VA

Id AIRPRMJI

Phase P7 Pe

1A 2.30 1.60
* z' 1p 1.10 0.80

1/To 2 0-O80 0.80
IL 20 0.10

High Order System (HOS) GAIR(K) 1.0 0.957

FAINIcY CR8/0/E

2.IM

(S +4)

ILPN

ES P7 FITA 021,90S TINlE CK0C

ligae D-5 Melytical 00tatisties - Pitch whif
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PILO CGO2N

P7 - Slow initial response, over controlled final. PR -4.
P9 - Over controlled a little in flare but a pretty good airplane. PR -3.

,AVR

P7 P9
wHOS LOS

[L lT920.80 0

LowOrdr Sste (LS)GAIN(K) 1.0 1.188

FNCIUKNCY CROD/UKC)

(S +4)

Figure An aslytical Chrateritis pitch Rate
I&OPesm U te i Ut



PILOT COmeNTS
P11 - Tendency to over-control; got a emall PlO, stayed in loop and was

able to stay in control. PR - 6.

P12 - No problem until flare, had to back out of loop to land, fairly high
frequency over-control. PR - 9.

wi AIRFRAME
AP11 P12Phase HOS LOS

VW w 2.60 2.60
III C s p  

0.60 0.60|j Gain JE s/r 2 opo o s
I /Te2 0.80 0.8Til 0 0.17

GAIN(K) 1.0 0.997
--- Lo Order System (LOS) - 0.27

I., I.I
PrEUENCY c RtC)

IsI CONRO SYST3(

[.94;161[.38;161

IsI

ESP PlIPI2 Nzi.W .997 TINE' CC

ioate D-7 AmalytICal Charecteristics - Pltch late
PJLomee aid Step Time Uistoy
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P13 - Ovecotrlld noe alightly, in flare,-ptetty, good 4tr0*tne.66

P14 - Problem in the final flare; very nice airplane until one tried to qicky
inow atttude. PR 3.

Airframe
*I A 113 M

WST 11.

wo O/d0. Sy4te (LOS)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _2__ _ _ _ _ _ _ .

C 13T(11.8
MoOdrsse NS

LowP4rIL~ d- yte LS

tlinsS ,

bg~Cntro SystempI~



PILOT COHMENTS

P15 - Initial response very slow, overcontrol final response, aircraft
lacked precision . PR - 8.

P16 - Initial response very slow, final response also slow, workload very high. PR -8.

M. pis P16
Id HOS LOS

A Was 1.10 0.80

U sp0.70 0.60

Gai 1/ 2 0.80 0.80

GAIN(K) 1.0 0.896

COST - 176.0

-- - - - - - - - -Low Order System (LOS)

FRCUUENCY C ROI5C

I Control System

f.1 P15 (KOS)

1.1 1

(S + 2.0)

r ESP PtS/PIS N .011.86 TIIItc cUE)

Figre D-9 Analytical Cbeaacteriatics Fiteh late
Response and tep Tim flstory
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PILOT COMMENTS

P15 - Initial response very slow, over control final response, aircraft
lacked precision. PR - 3.

P17 - Pitch attitude very slow, final response unpredictable. PR - 9.

NJ I A Airframe

L P15 P17

U HOS LOS

v In~p 1.10 1.90S Phase | S

0 U , P 0.70 0.80

M l/t2 0.80
r J Gain jj

r~lT 0 0

GAIN(K) 1.0 0.995

COST =49.3

High Order System (HOS) \%%%

Low Order System (LOS)

.1 IiFNUUENCY CRflD/!W %

C I Control Systemj I P15 (HOS)

1
(S + 2.0)

ESP P'S/Pi7 K1.20.39S TIME csro

Figure D-1O Analytical Characteristics - Pitch Rate
Response and Stop Time History
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PILOT CO rENTS

P1 - Teeniest bit of over control but predictable. PR - 2.
P2 - Little bit of over control at touchdown, predictable final response. PR - 3.

3.1 2 Aq Airframe

Mi P1 P2
W KOS LOS

A 0 Wjn~p 3.21 1.50
V

Phase 
0.70 1.10

h /'r2 0.55 0.50
1E 2

1.3 .a 0 0.12
1L

GAIN(K) 1.0 1.0

COST 44.7

+ -High Order System (HO$)

Low Order System (LOS)

FRE3U9NCY CRPD/SEC)

Control System

II P1 (BbS)

is I

ESP PIPZ K:1. TM, CIC,

lpare D-11 Analytical Mtrateitlies - ltch late
leaponee and Stop Tim Ilitory
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PILOT COIENTS

P1 - Teeniest bit of overeontrol but predictable. PR -2.

P3 - Little overcontrol in flare. PR 3.

3.1 A AIrframe.
TP1 P3

is os LOS

A a W %si 3.2. 3.50

10 CP0.70 0.60

I 5 /rg 0.55 6.30

IL
GAIII(K) 1.0 1-.0

High Order System (HOS)

---- Low Order System (Los)

FREDUENCY C RN/ICC)

Control System

P1 (HOs)
E.

EY PW,3 01.1 Tie I

Vtsuwe D-12 Anlytical dwircterstleu - Fitah late
k.spiss ad Step ITb. Ustory
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PILOT COMMENTS

P4 - Nice little flare then noticed lag. Slight overcontrol. PR- 3.
P5 - Overaotrolled final response, quick response. PR - 6.

NJ 2 A AirfrAm
Mq P4 P5

W ROS LOS
v 4.57 1.90Pa hase 'S

V u Cs 0.81 1.40

I l/t2 0.55 0.55
19 Gain 2

I.I , 0 0 .12£2

GAIN(K) 1.0 1.0

-m COST - 23.5
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m !.Control System

C P4 (HOS)
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PILOT COMDIETS

P4 - Nice little flare then noticed lag. Slight overcontrol. PR -3.
P6 - Little bit of lag then bit of overcontrol. PR -4.

UA Airframe

L9 P4 P6
w IIOS LOS

Phase~ 'ap .5 5.30

rsp 0.81 0.70

1E 1/'r 0.55 12.5

IL 0 0.06

COST - 74.0

- High Order System (HOS)

-Low Order System (LOS)

UNEUUKNCY CMD/KC)

control System

BP ut KF -1.1 * l TME1 eteeuat -Ptc l

Asspose. Mideep fu. Uhs"Y
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PILOT COMHBONTS

P7 - Slow initial response, overcontrolled final. PR - 4.

P8 - Bit of lag in initial response and overcontrol on final responses had

to back out of loop a bit. PR - 5.

I.E fiA Airframe

M P7 P8
KOS LOS

S 2.30 1.60
S Phas~e v I s

d ;SP 1.10 0.80
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High Order System (HOS)
-Low Order System (LOS)

I.I I.. l.

FRESUENCY C RRD/SC)

2.3

Control System

I.S P7 (KOS)

(S + 4)

IS.

ESP P7 B K=: .1 TIME cGIng
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PILOT CONHENTS

P7 - Slow initial response, overcontrolled final. PR -4.

P9 - Overcontrolled a little in flare but a pretty good airplane. PR -3.

33 3 A Airframne
P7 P9

0 In~p 2.30 4.00

1.10 0.75

Gain 1/- 0.80 0

E 1 ~ 0 0

GAIN(K) 1.0 1.0

High Order System (1105) COST - 85.2

-- -- Low Order System (LOS)

-I..
FRERUENCY CRAD/SC

I Control System
I~i~ P7 (1105)

.E1

(S + 4)
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Piaure 9-16 hAelytical Chrectrietics -Pitch Rate
Rkoeise and Step Tim Nietory
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PILOT CO)O4KTS

Pll - Tendency to overcontrol; got a small PIO, stayed in loop and was able to
stay in control. PR - 6.

P12 - No problem until flare, had to back out of loop to land, fairly high
frequency overcontrol. PR = 9.

I E A Airframe
1 P1l P12
W 1os LOS

A
P ' 6 nsp 2.60 2.60

Wi 4 0.60 0.60

19 1 l/T 0.80 0.80
G.1 " 2

IL T 0 0.17

GAI(K) 1.0 1.0

High Order System (HOS)LCOT-02

. . .Low Order System (LOS)

411 1 1 ; I 1': A I I I ;

rNEBUENCY CiD/SEC)

2.I

Control System
19 I. el (KOS)

XP111)I""

(.94; 161[.38; 161

ESP P11/I,2 K:=. TIME (SEC)

Figute D-17 hAalytleal Catsacterlstiea - Pitch ate
aesponse and Step Tim History
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PILOT CoNHENTS

P13 - Overcontrolled none slightly in flare, pretty pod airplane. PR 3.
P14 - Problem in the final flare; very nice airplane until one tried to

quickly move attitude. PR - 5.

IL , A AirframeP3p

w HOS L2S
Phase 1 1 WnSp 2.30 2.10

S CSP 1.10 1.00

G a/nA' 0.80 0.80

2 0 0.09

GAIN(K) 1.0 1.0

COST - 11.9

High Order System (HOS)
Low Order System (LOS)

UNEUENC Cfh/UC)

2.I

Control System

P13 (HOS).

IS.

a Pl3PI4 K:1 tim c6cc

MI A- Imalytical ChMs teeg eltlc - pitch &ate
hesPOo 49a ftep Timae Ultory

213
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PILOT COMETS

P15 - Initial response very slov, over control final respolue, sircraft

lacked precision. PR - 8.

P16 - Initial response very slow, final response also slow, work load very high. PR = 8.

3lA Airframe
W P15 P16

h HOS LOS

IV Uns). 1.10 0.80

hI 0.70 0.60

C G/. 0.80 0.80
A 0t 0 .16

GAIN(K) 1.0 1.0

COST - 194.3

---- Low Order System (LOS) I

FREMENCY CROV/!CC 'K0
2.1

c Control System

P15 (OS)

1.1

IS 
(S + 2.0)

I.I.

?Lgure v-19 Am7ISlnsl be8mte13tiCs - Plieb Mti
lespe esi stop i Uto"
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PILOT CWZWNT

P15 - Initial response very slow, overcontrol final response, aircraft lacked
precision. PR -8.

P17 - Pitch attitude very slow, final response unpredictable. PR - 9.

a3 M1 P17
hi nos LOS

A 1S 1.10 1.90

C P 0.70 0.80,

1 /Te 0.80

EGAIN(K) 1.0 1.0

COST =49.4

- --- Low order System (LOS)%%

FNKuUncy CN"bi1C %

19

CE PIS (1105)
r

I
(S + 2.0)

ESP PISRPI7 0-1. TI cC

lwe V-20 Aaelytale Ceactoretig Flutb Uste
%&PeONe aind Step Tinm Uit.r

2W



PILOT COIOENTS

LU - Little too sensitive Initially then sluggish for large turns. PR 4
L2 - Similar to U. Forces a little bit heavier. PR - 3.

A2

Li R

[3. T .5

- 20

......L2o .07
pas S 6

GAIN(K) 1.0 1.2
141.3 1 4 : 1 11 cOT109.4

1.1 COS
FACUUNCY CNP/O/U

Control System
LI (105)

Ii(38) (23) (. ))

I.S

LI 12 K2-1.21 TimeCO T8EC

FIGUR 0-21 Analytical Characteristics Roll late Response and Stop Tim History
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Is - ta" sew" feel i3 roll pami o eppo.P

LA - Uttle too u--ins 3 ol.P)

II

R

0 .5

p5 10

1j AZUCK) 1.0 1.26

mis

9 control Syte

1.3 (ROO)

II

uzWW.31 iets C~W0~ s s.t i~
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PIL OT COSHUS

,L6 -Everything was good. PR - 2
14 -Little too sensitive In roll. PR - 4

NJA

PIM v 6 IA
x .40 .45

VR

(Nominal)
GAI T .4 .5

x D10 20

L60 .05

p 5 10

GAfl4(K) 1.0 1.0399
:i i n iiCOST - 13.73

FRCWJEKCY CMP/UCC)

*I~s

21 1
Lb Boto S4yI.m IM(

PIOUU 0-23 Amulytioad Cbaactrs.,Ice - Fall Plate, Responas abi IteP liin lltorY



PILOT CONETS

L6 - Everything was good. PR - 2
L9 - Crisp, good predictability, little lag notices in Initial response. PR - 2

"Ii
I! - Airframe

A 8L6 L9
S R .40 .40

8 (Nominal)

GAIN (Correct)
SI 10 20

T 0 .09

L5 as5 5

GAIN(K) 1.0 0.9645

COST - 46.4

-- IFRrKUENCY € IMD/S£' 0

Control System

L6 (HOS)

I.,

I.S

LE L9 1:=il.95M TIM (Wu0c

FIUU D-24 Analytical Characteristics - Roll Rate Respouse and Step Tie Ristory

i. __________________________________________



PILOT .CONTS

L7 - Desired response required overdrive, but seemed to stop crisply. PR - 3

L10A - Satisfactory, little P.1.0 on second lending. PR - 3.5

19 Airframe

Ai W L10A

2 HS .40 .40

10 1 (Nominal)
II , .4 .4

GAIN 11

xD5

0 .14

GAIN(K) 1.0 0.8673

COST -87

FREDUENCY (M/SMEC

Control Sywttem
C. LW (HOS)

0
(S + 4)

ISE

LU Limi K1UOi729  TintCK0 2 3.

flGUU D-25 Analytical Characteristics - oll lats Stepen" end Step Ism uiatory

no0



PILOT COONTS

ISA - Slow bank angie oscillations In turn. PI - 6

L11 - Slight tendency to over control, no P.I.0. fit - 3

NJ __AAirfram

U LOA Lii

.40 .40
PHASE~~ v (Nmnl

£ (correct)

1 201E U
T- .20

p 7 4

LAGAIUCK) 1.0 0.512
Lll COST - 1006

FNIUUCNCY (NNP/UEC

Control Sysem~
LOA (90S)

C 0
(S +4)

IS

11013 D-26 Analytical Characteristics -bl Dl ate Peapos.. and Step Time Vistery



PILOT CXNMIT

IAB - Easy to overCOntrol. Dangerous aircraft in close in roll. PR 9

Li1 - Slight tendancy to overcontrol, no P.I.O. 
PR. 3

Airf r!".

w LOB L1I

T R 4 4

.4 .20

IL .1.7 2

C..2

GAI
as5



PILOT COMORTS

L.14-2 -Sidestep ws difficult, roll control not acceptable. PR -7
U.5 - Wanted a more responsive roll control. PR 4 I

w L14-2 LI1S

PHU R '.0 .90

V (Nominal)
0 .9 .9
1E

T- .09

L15 as

GAIK(K) 1.0 0.8804

COST- 68

FREUENCY CNOD/SIEC)

181s Control System~I
I L14-2.A(KOS)

0
1.3( (5+4)

iLIL12 LIS KIS:.911 TINE CC)

flGUIw-28 Analytical Characteristics Roll1 Rate Response and Step Thm 8story



PILOT COINDOMT

L14A B ank angle control not satisfactory, slow response. PR 7
L16-1 Slightly heavy in roll response. PR -3

NJA

I!Airframe
AL14A L16-1

V.90 .90

u (Nbominal)
.9 .s £ R

T0 .14

LU4AP7 6

GAIECK) 1.0 0.723

COST a 410.3

FREIUENCV CIROISrc)

MI.S Control System

z L14A (HOS)

0
(S + 4)

IS

L1'4B 111 KISI:I.73 tIg T Ime SEC

FICUSE 0-29 Analytical Characteristics -Roll Rate Response and Step Time History
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PILOT COMUNTS

LI4A B ank angle control not satisfactory, slow response. PR - 7

1,16-2 -Quick to respond but not predictable. PR - 4

NJ I __

I! Airframe

AL14A L16-2

1 .90 .90

IE R

T0 .14I

L62GAIN(K) 1.0 0.687

COST =423.

LIij
UNEEUECT CfhD/UEC)

Control System

Ii ~ L14A (BOB)

1 0
(S + 4)

IS

L14I LIM KI&24.S ToNm fUC

PluM 30 Amlytical CbstacteritiU - Isa mea hmpesas sad step Tim statoty



PILOT COMMHTS

Li - Little too sensitive initially then sluggish for large turns. PR - 4

L2 - Similar to Li. Forces a little bit heavier. ?R a3

19 Airframe

v W (Nominal)

IL A - 20

LI 0 .07

.... 2pa 5 6

GAIN(K) (1.0) (1.0)

FREEUENCY C END/SEC)

Control Syste

L(22)
L(38) (23) (5.6) (5)

FIG=M D-31 analiytical Chigractecistlet -A ftl te flmupftsa ndtk Tag RI~bolty



PILOT COMOENTS

W. - Strange force feel :In roll (unpleasant roll response). PR - 4

1A - Little too sensitive in roll. PR - 4

hi Airframe
L 3 1A

Puna(HOS-4) .45
v h (Noninal)

xAD- 20

L3T 0 .05

1AP 5 10

-1JGAfl4(K) 
1.0 1.0

ILII 1- 1 1 1j COS T 2 68.6 _ _ _ _

I Control System

3 (HOG)_

(30-)(24) (9 .2) (5)

EP 1314 K I4 TIE WO

FiGURE D-32 Analytical Characterietica Roll Rets, Response and Step TIMe History
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.PILOT COINS

LS No problems, could fly It all day. PR -2

hi AIrframe

t 1 .6

AD 20I

Pa 4

GAiE(K 1.01

Li IIMC CRM/SCC)

conro Szt

IS.

ESP LS K= 1.1 TIME CinC

ncUU 0-.33 malytical Characteristics - Moll Plate Responise and Stop T1a6 IIdetjt

~ ___________ ________2U_



PZWT COIIENTS

L6 - Everything was good. PR - 2

M Airframe

w
a L6

PH ASE v .40

W~i (Nominal)v

TR  
.4

IU GAIN., (correct)

AD 10

pas 5

GhI (K) 1.0

LI nU.N A CINO/SEC)

Control System

L6

0

1A K (8+4)

1.A

1Ls 0:I.I TINM EC€

lIOGN D-34 Analytical Characteristics l- 3 Rate Response and Step Time Hlstory

__________ -
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PILOT COMUNTS

L7-Desired response requi~red overdrive. but seemed to stop crisply. PR -3

v Ii (Nominal)

jiI

pas 5
GAXN(K) 1.0

i 4 iij
FREEUCNCY CNM/tcC)

Control SystmF

U , ~L7
z 0

IS,

ESP 17 0.1 TIAC CXC)

110113 D-.35 AnaYLtcal Chracteistics 10311 Plate Response i ,Step Usme isetety

I____2M



PILOT COIMENTS

W7A -Okay, but wist "push" airplane to get desired performnce. PR 4

S Airfrane

a LA

TR.4

1E'5 .4

XD

T .09

P 5
$a

GAIN(K) 1.0

fUCIIENCY C1A/UEC)

LI Control System

W7A

IS.

ESP L78 K:IM TIM C990

flQUE v-36 Anlytical Cbortawsisties -Roll Iste Ropesp e sa" Step Waes History
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PILOT CONHENTS

LS Had to be flown smoothly in roll. Overcontrolled. PR 5

Airframe

*V ~ R.40

W RNMN .6
* (CORRECT)

IL 2

Control sstem

LUS

0
-(S +4)

1I.1

ESP LB K1. Tie(Cu

e pg V-37 Analytical Characteristics Roll Rate Remvousa and Stes, Tim History



PILODT COMMENTS

LOA -Slow bank angl, oscillation. in turn. PR 6

A Alrf ram

v .40

1E T .4

GAfI(K) 1.0

-NJ
U"COWNCY CRR 0 CntrlCC)te

10

IE

U.S

ESP LN K1.1 T (EECC)

TICRB 0-36 Analytical Characteriatice - Roll Rate Reapona and Stop Tims History
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PIL4D CCSUDIT

LOS May to 0vercontrol. Dangerous ircraft In Close In Roll.* PR -9

Airframe

PHS

R .40

iV 4

(tU

p 5

GAfli(K) 1.0

wi conro ~ystm

10

IS

ESP 135 K I ITIM CIEC)

TTCURLF D-36 Analytical Characterjttics Roll Rat. kceftse anid 4teo Tim 1Ustovy



FIjD
L9 -Crisp. pod predictability, little lag noticed in Initial Vea* se. PR - 2

NJ

V L9

w 
R

GAINjCORS~r) 20

.09

GAIN(K) 1.0

11

I.S

£9' L9 PLII TIME CNEC

VIGURE D-40 Analytical Characteristics Roll Rate Response and Stan TIP* Hitstort,



PIlOT OOMMSOU

LIO -very gust responsive In roll. PR 5

NJ
Airframe

LbO

.40
* (NOMNAL)

IL D
T .14

GAIN(K) 1.0

II

I.S

ESP L11 ff x:3.1 K:ITint (cC)

no=l 1)-41 Malyt tel Cbacteristica R oll late Response and Stop Tim Histo&y

L3



711 - Slight tendency to overcontrol PR a 3
LIA - Too sensitive In roll Pit a 6
L113 - Little on sluggish side Ps - 4
L11C - Roll control, slow then abrupt OR - 9

* Airframe

ALii LilA Ui UIi
Rv * .4.0 .40 .40 .40

w (MNsIw)

R .4 .4 .4 .4

AD20 20 20 20

L1, 1A 15 oo4 5 3- 3
GAINWK 1.0 1.0 1.0 1.0

-MJ
LI IiILI

rmcaUwNC CflD/UKC

Control system

ill, hA. 113. 11C

FIGURE D-42 Analytical Characteristics -Roll late Rssse emg step Tims vistery



PILOT CCIIEUN

L11D - Boll control very poor, dang~erous aircraft nR- 10

NJ Air roamw

A LUD

8 Iv .40

IL

T 1

GAIN(K) 1.0

-1.1 11 i 1 114 0
1.1FREIENY C/UK) gCotrol Sat"

LIL

(s

IS

EP LIM K=1.1 ime SCugc

flCUiK 0-A) Analytical Charactertnlucia Roll Rate Responase and S'.% t' Nise'rv



L12-1 - Bak anal* responSe Slow. heaVY lateral forcs. PR

NJ
Airf rame

vL12-1

I P. 0.9

j I~tHIAL)
9L I tD.

I u 20
P 6

a.

GAIN(K) 1.0

II .1control System
FRERW" C~fwC)L12-1

0
(S + 4)

al.I

ES LIZ TR--I.2 01.1 -rim mvC

F7VVPIK V-4/1 Analytical Characteristics -Roll Rate Responae and Stop Time History



L12-2 -Aggressive sideslip showed lag and orcontrol. tendency. PR 4

Airframe

UL-2

V 0.9

R.

1.0

1.1.24 1.

(S 4

Ps

IS

ESP L12 TR--.U 0ni.1 Tic CUc

FIGURE 0-45 Analytical Characteristics -Roll Rate Response and Stop Tim ls",



11WX CWUUIS

L.13 -Sluggish Initial response in sidesteps, tended to overeontrol. PR -4.

Ii Airframe

V 1 .9

(NOMNhL)
1.2

D

P 6

GAIUCK) 1.0

LI F~~rEVUUNCY C(MISCC)Oo

LL1

144



PILOT WIHMflI

L14-1 - Bank anglo required lot of lead to fly oithout overshoot. PR =5

L14-2 - Sidestep was difficult, roll control not acceptable. PR - 7

NJ

I' Airfrme

a L14-1/114-2

wi Ta .0.9
- 3 O0M1IL) 1.2/0.9

L T D

L14- 6i

FEUENCY CRA3*/KC)

2.3 Control System

L14

I.S

ESP L1'I K=1. Time (CKC)

F1lM-R! D-'47 Analytical Characteristics Ro3l1 Rate Response and Stop Tim Rtstory



PILOT Cs(KIIU

114A - bank aagl* coutrol not matisfactory. slow tampons. P9 7

NJ
AIrf rame

L14
Id .90

Id R

GAIR(K) 1.0

15.1Control System

L24

0
(S + 4)

IS

ESP L1I' 01I.1 TInf CUO

PIGURN D-40 Analytical Charactraics Roll Rate Response and Stop Time History



PILOT coMIEzmS

L145 B ank angle control unsatisfactory, overcontrolled. PR *10

Air frans

A L143
* PRASE v"

e 0.9
a (NOMINAL) a

cli 1 ORM
D I

P as 6

CAIN(R) 1.0

3.1control syutea

L14B

0
(S + 4)

IS

I .. 1

ESP L14I 0t.1 TINE CKgC)

PlOuR D-49 Analytical Characteristics -Roll Rat* Responae and Stop Tim History



PILOT CWUENTS

L.15 -Wanted a more response roll control. ?1 4

vHU Airfram

a T 0.9
1[ I GAI I (NOINAL)

,CORDcT) 20

.09

GAIN(K) 1.0

Ii l
2.3NYCa / C otrlS se

L15
* I~siL21

(S+4

I0

1113 D,30 Analytical Characteristics - Roll Rate Response and Step Tim History



PILOT COMMMITS

U16-1. - Slightly heavy in roll response PR - 3
L16-2 - Quick to respond but not predictable PR -4

Id Airf ram

L!6-11L16.-2
w

R 0.9
I[ Ij GANEjOMINAL) 1.0/0.9

Z ~ JCORUECT)
D 20

L16-T-.14

P 1  6

-Ii

FREHENCY(RADUCC)Control System

L16

a (S I+)

flQUU l-51 Analytical Chracterist ics Roll late BWpae and Step Tim History



PILOT COSQIUTS

L16A -Initial delay in bank angle control then quick reesponse and overshoot. PRi

NJ
II Airframe

A L16A

PHAS v T0.9

R

T .20

GAIN(K) 1.0

1.1 I iiiControl System
UKUENCY CNU/UC)_______

L16A

2.1
(S + 4)

mi

Flt?" 'D-52 Analytical Characteristics -Roll Rate Response end Step Time History
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I

APPENDIX E

FLIGHT TIME HISTORIES AND FREQUENCY RESPONSE

The flight time histories for a selected group of configura-
tions with either longitudinal or lateral frequency response
characteristics are presented in Figures E-1 through Figure E-48.
A Fast Fourier Transform method of analysis is used to convert the
twenty seconds just prior to touchdown in the landing tasks from
time reference data to frequency domain. The No. 2 Landing Task,
defined in Section V, is selected as typical for analysis of
response characteristics of each configuration. Examples of
Landing Tasks No. 1, No. 2, and No. 3 are shown in Figures E-18,
E-19 and E-20. The pilot ratings are based on the composite
impression of the three types of approach and landing tasks.

Time history plots include six parameters pertinent to the
analysis of pitch rate and roll rate responses of the configura-
tions. The Bode plot presentations represent the predicted
responses based on the analytical descriptions for each configura-
tion (solid lines). Circled points are fast fourier calculations
using the flight time history data.

Generally, the predicted characteristics and test data com-
pare well. Differences in gain or phase at the higher frequencies
can be due to linear assumptions for the analytical functions ver-
sus the non-linear stick breakout force inherent in the measured
flight data. Also, phase angles for the analytical response char-
acteristics would be more negative at the high frequencies when
the time delay increment for Butterworth filters in corrected in
the configurations with time delay circuits (i.e. the c$-15* at
Wep - 10 rad/sec).

The majority of the selected group is from flights with Pilot
A. A few cases are included with Pilots B and C, as indicated on
the plots, to illustrate rating repeatability and frequency
response characteristics for the same configuration, when flown by
different pilots. Pilots A and B are compared with configurations
P6, PlOD and P12. Pilots B and C are shown in configuration PISA.

240



CGFIG P4 -LANOIND NO. 2FLT 2071 REC NO B

HMS (Adv Fighiter. 300 Flap)PioA;P3
3 9. 1 1~ 5 -T?~ ri rri-t1r 1t S-7r,i-r is,--rI-ri
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COWIG P6-4 -L(11W3 NO. 2 FLT 2071 REC NO. 14

ES for P4 J(Mv Fighter), L. Fixed Pilot A; PR 6

t
*~rn - i -rnr-ri j

r, ai-- 1_ a- n r - n T-,-va -1a- -r r - t - -- r'-a- a

b~~~~ . . .b .-b .-b .--r - .b .
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Figure E-2b. Flightcaakeo Ptch Rte Reeponee
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COW 10 P&Z- LAWNG NO. 2 FLT 2073. REC NO. 14

ES for P4 (Adv Fighter), L. Fixed Pilot 6; PR 6

~-r ,-
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CONFIb PSR LANING NO. 2 FLT 2073 REC NO. 23

Modified ES for P4 Pilot 8; PR 7
-)- r 7 -- 1-r -11- r - i T i 1rP - -1-rr -- -- i1- r -r - Tr -1-r r
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-~~~.-.~~~~~. . ........ . - -- - -- .- - -- -

COWIG P55 -LFWJNO NO. 2 FLT 2086 REC NO. 16

PIS with Gain Changed Pilot A; PR 3
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COWIDO PS -LAW1NO NO. 2 FLT 2071 REC NO.- 19

ES for P4 (Adv Fighter), L. Free Pilot A; PR4

I I I49 -I,- a~ -I, 4 .- 4.L . . .

-T-~1, -T r f

.~w .14 ... .... .Ni .hro~so . Ti. . .s.tw.y

L J -L-I J .-I '- -L. -LL 1260L

-4-4 T'4- er - -r' 4
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COI P 6 -LRNOINO NO. 2 FLT 2073 REC NO. 1?

ES for P4 (Adv Fighter). L. Free Pilot B; PR 4
r I--rI y r~ ,i-- r 1 i- 1- - -rr- r T 'I Y T -1 -r 1 - r i r~ i -r r 7

I. J~L J... ..... J .L .iS. A . L. . .J . . . .. . . ... .J .LJ..

4, 4 T t. 4- -t - - 4 --- 4 a-a 14 - . -a- '-4- a - t 4a

- & .4 a. .J . L 4 .a. 8 .a . . I . - . . . . a i . . .& . .. .a . .4. a . 8

-J i-itaJ., t I -I I I I I

a - 4- 4 - -- -- * ,8 .48. - - -4-.4~ a

-I- r v-

Fiur Ej.Fgh__uoesLoeT itr
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Figmr E.7b Pligh CtMraotls NO Pit Rat epume
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COWIG P 7- LANINO NO. 2 FLT 2062REC NO.I10

HOS (LAHOS Config 2-11) Force Commands Pilot A; PR 4

r 1 -r r I---r , -- r 1 ra-wi ri? -r r i-r r -- Yr T - - r -- i -a- 1 i r i rrIn

*~~~ ~~ ~~~ _:-P4-- - a- , e a- a- a.- i v a,-

~g 3 ,- ,-- a -r a ~6 a v-,- ,-ra -pa- -,-, .-Pt 6 a

;~~ .L.L.L.L.... .± .. .. 1. -. . . . . . . .LJ

.1. L ~ L .8 .6 A .. . . 8. . . . . . . . J . . . . - . . 6. 8. .. . L .

A.re -I

46



Figure M~. Flight Charactetiscs -Pitch Rets Reom
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COWF1P 8 LFWC1DNO. 2 FLT 2069 REC NO- 6

ES for P7, L, Fixed Pilot A; PR 5
V ~ I. vI 1 rT 1tj- p 1r V -T nr i-r -1r--I I- 1- I r V r a V

44 4f' 4- 4-:--r 44.4

8.4-8- ~ ~ ~ ~ ~ ~ ~ 4 A-L .4.. 4-. -1. .4. J. L J8 J.L 1.

++-4.+

I IVI

-r-r 4-r 4. i * -.I r'-4 I Ir

I -A -A -A -1 J I I .

2 v -rr 1-rr -rr-r .- 7-, -,- r-, r I T~~ --1i
4.F -L.8 4.-A . .4. .& 4. i- .. 8 . 4L- - .8 484. ...

P t C I.i~ 4 + I- 1I V i a - I-9 -I1 I 9 -

4-1

-- -r o. .1 11- t -4

Ia

.lw .. . . .. lgh . C.m. ao.t. ..T.m .ltu

L - J ,- J - p- L

I.. J - L4 J+L 1--164



-

Fig. 14b. Flgh Pimosll~o . Flh ROO. Respmns
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COWfIG PS-LANDNG NO. 2 FLT 2071 REC NO. 23

ES for P7, Lc Fixed Pilot A, PR 5
r3 r 7~ -r r, - -1-r T 1- r - v- -r r V-- 1 ff Tnrr 7

34 Z7 +9~ --r, FM-,I-V P P i~ r rV

* .. . .~ .A .a . a. . . . . . ... . . . . .. a ..

3 . J- L -- a--p a. -Ln A -1- L-J- i. -- i.- a- .a -in- a - a - . I t t

4Figure1 ..1-1- Fligh 1-ratr I- Tm j--,y

4-
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COWIG PS -LMCNO NO. 2 FLT 2069 REC NO. 11

ES for P7,L. Fre Pilot A; PR 3
r ~ ~ ~ ~ ~ ~ ~ ~ ~ T r T -r-r 1r , -?rr1-r1r

r r

-T-

* TI- V t -,--r 1 -~ I- -

2F *i- a- a1 -p-. -.p S-P p -- T r~~~ f -

- . . . L . . . . . . . .

. . . . .- 1- l S 1. - -.' - ~ -., ~ . .. . . . . . . . .

-,' -1.- - L- '.-" - - 'r" - -- - - - - - - - - - - - - -4

i31 A-

.& A.._ A-1

-A -A Z
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COtFJG PI -LAINOND. 2 FO 262 REC NO. 4

LAHO 2-1Pilot A; PR 3

r ~ r "I I T -1 1i 1-- r T r ' 7 ny r

-. 1. a-.

.; -j .' 2 1- 4. a

1 . 1 1 1 1 1t 1 1 1 1 1 1 1 - I I I I I f I

-4-. 4 - 4- f 44 yr 4+

IU - T r

L. gw E._m -lgh L. J_ -L. J--LTiL J_ Lt
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PIgur E.12b PNOhtcm ot s Pith b Rt Rasp~ns
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COWF1D PIOC OW~NING NO. 2 FLT 2072 REC NO. 20

PNO (LAHOS 2-1) Plus Time Delay (0.13 sac) Pilot A; PR 4

_ i A 1 1 F a r - - . I 1 T V - r, V 9 F 9

rv- r j-,, r r-r I - r - r -- r ~-r - 4-- 71 4-4 I i-: I

. . . ..a.. . . . .a. . a. L . ... -a . L J.L J . 5 .i . . . . I. . .

.. L~ 4. _:+ I" ..+ 'aa . L . J_. J -a. -- L. .1- L .L J - .4L

r-r~rr - -- T -r n-r~-nf.r --.- 1-cr

a..-------- .-. - I- L. ?, Jl .6 jlr J

IE I 4r C
11. 1 1 I I r

Figure~~~~~~ 1.13. FgtCursdlsTI I~llt

Lj _L _L .. ..27 .4
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CONFIG P 100- LRINON NO. 2 FLT 2086 REC NO. 18

P110 (LAHOS 2-1) Plus Time Delay (0.20 sec) Pilot A; PR 8

r I*%rr I r - --r- -v -1 r- I r1 -- r 1---r -i- ,-i- - 7T - r rr )--ri

r- n -- n - I r I I ' - -' t 4 1' . t

r ,-- ,-- ,-- i-i i -.- -,-r - r -- r i-7 'i-r -r

J- J.--

~~~~~~~W 9 -i r -F ~ i . iI - r i- M-- 1--, ,- A j~7 r -

*~~~~~~ .~ .. .
1~ ~: . . . . .11 1 4- -I -I

434
F~~~~g.,------ -.4.F~h hvceltmTm itr
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Fiur 14b. FightOmMgb~s Pith Abb Rpeuuee
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COWIO PI -MQIN4D NO.2 FLT 20M EC NO. 10

PIG (LAM 2-1) Plus Timw Dday 10.20 sac) Pilot B; PROS

a. a .... a. I . 4 .I .a 4 .L I . . . . . . .4 L ... A..a . .. . .

-r a 't-r-r H-i.,. 14-1-~-,- 1 -ri-14-,-

* r- 1 ~ ~ i r-ri +aa ,rl.~-i

3 T v-a-f-- f"-r ir -I- -T---f -- r -r .r i- r r

a- J- I

a. 4. a. ... a. 4-. . .. 4.1 4 -0. a -b 4 b 4. 4 a- .L a. 4 .4

TUE E I

. .u 1.... .~s C.mi . . I~ .us

I I I r27T

t-H - I-r.1 1 .1T 4 r_ __r +
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COWID I'l- LM)JND NO.2 FLT 2062 REC NO. 7

HOS (LAHOS Config 2-11) Force Commands Pilot A; PRO8

* I-r7r -v -rvjr -r-gy-r~rv1r,--rT--rTvrl-rrTi-r--rv

r! -1 ' 11 I r .I I T _1 i or a - r I - - T' T g

3~~~ . . . . .- .- .- . .. . -r1.

I~ ~~ ~ . .- .-~ J L . .a . .a . .J . . .4 I. 1 .a S & & .d 8. 1

I ;J- - 4-44--4-4I444 4 -- .4.-s- 4. - 4- 4 .41

PI. ~ ~ ~ ~ . .~b .US . .m.d.Is. . .im .iie

i J.- -'.J--L f
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CO10 PI IR -LF40ING NO. 2 FLT 2086 REC NO. 9

140$ P11 Plus Feel System Delay Pilot APR 7

.4 .. . . . . .4 . . . .. . -4 8 . 4... .4 . . .8. . .

3 & .8.8. .8 .4.8.4.44 4. -T 4. 4 +.'. .84- _ _ .4 88. A.. .. 4. 8.

la p . -. p . .~~8 8 . . .8 . . . .*- -. ~

J_ ~ T 18 J:r:rL ta 8 8 J .f

~~~~~ J_ ~ L4 ~f-
q*~A, 2A 51 ima e.. ma. it, a ma m . a. m

L .6"- -L A - A" j- 4. A-. L. L.-. . -. -

P~mw+ +4h +ls Osssdle i Hss

ir r -i- A 4 + 1 "- r T r i- n r r -r r l
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COWlD P12 LANDVING NO. I FLT 2062 REC NO. 12

ES for Pit1, La Fixed Pilot A; PR 7
3 - -r-rr 1-ri r,- r rr 1 - Or - -- rTi-j-rTv i-rv jrr I--r Irn-rI

r 4 6.r . . -4 6 4r 0 ,11 4 -1- & 4 .1 4...6.. -. - .- 4 - T . 6 .6.. 6. .

.4.. &~~~~~~~ .. 6. .~ 4.-- - -. - . 6 .6 6 .I 4.6- .4 .4

446.4- .46..- -1- 4 --- 4 - 4 -4 -64-- 4 .6 6-- 6. 4 - 4

q 6 .+-F+++++I+-+++ ..

r~~~-r~~~ rit Ajrr-T i rr-r,-rr--

3 46-- i--iu . -I- L . L--- J-_ _Li-rfi -. t - R * -q- en

r~~~~~ ri r - v , ' 4 14 r ILr~r

4- : .- 6-4 4 -64- - r 4-r r~6 r -- ! 6 4--4r- 4

q .L j _L. .JL ijL i j +

-rA- -L.

_-1m 2 ElA. P30 ..aafeei . .h. HU. .y

2W LJ_1 J_

I~~ 1:A41 1 O
ZZ - Z,



P r r r r r r PFr

Figre Elb. Flight Cheaoterlst - Pitch Rate Response
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CONFIG P12 -LRNOINO NO. 2 FLT 2069 REC NO. 3

ES for PI1, L& Fixed Pilot A; PRO9

3 r- -r 1-r , 1T- r a- r T-f n- -r -r Int

*~L 4+. .1~L~ ~-
r r, 4- 444- a a a a a

Ti t-'i- 'F T v r-r

j 4 -b .. L 4.b .5 a 4b. -I- 4 . 4 . b. .~ . .4 . .. . .~ . .

a-. j

-3. .. .L L J..A .3. ... ,, 3~a~ ~ ~-.c ... t ~ A. I 4a 3 .'. L

. j L j. _L a A. -1a ma _1a L.. La Ja m
L.u ,

Pigurs ~~~ ~ -- ! 7.~Pg hossio i il
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CONFIG P12 -LfRNO1NG NO. 3 FLT 2069 REC NO. 4

ES for P1 1, L. Fixed Pilot A; PR 9

-I

I, T' T-- nE- t , I

-4-4

-T L

~~~~.-44 4.:.A 4__ 4- 4. 44:-Ii ~ 4.

r2 4- ---- r -- -4- f ~ ~ ~ V~-r7 ,

- 74
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CGFJIO P12 -LIMING NO. 2 FLT 2073 REC NO. 10

ES foP1 1. LotFixed Pilot B; PR 5@
r i -r1 r Tn--r -- v-- r -Y 1-v - r -r r -r r Ti-r ri-rry 1-1- rT -eT ri rr

L + L IL J;_

L .. .. L .1 .. .1 .A . . J . . . . .L J . L . . .L . . . . . . . . .

a~~ ~~~ ~~~~~~~~~ . . ...h .~.5 ...- -.-. 5... ... . 44. . .. .4

2 -- 4 4w-r -- r rs -s "1 44 41 - . r 4 r

A".S -- , - 1 r r F s-o- 0# 9L jL ..-- i 1

T- -r ---- rr------------------'T -4-1-4 -- -- T. T _1r 1_4

4 +.. 4..5 +.- .44 . b45 4.-.-.- r 4..4

-:-- . -

igur t .1a I lgh Chroeuobe ie it

4- 4- 190

so s a al a &0 4" of s a d



I IT

Tiur 1:lb 1 ih h se~o PiNt epe

I2Ad



COIG P12 - LAWdINO NO. 2 FLT 2M7 REC NO. 11

ES for PI Lct ixed Pilot8; PR 5

2 rv- rr -v-r,-- -i-- -,.ri-yr-r- -r- r-

~ 6.4.6 . 4... . . . . . . 1. .. . L . . 6 . . ~ ~ . . ~ . . . .

- r~-r,-r---------------4------------ q.1 ~ . . .4 . 6.. .6 . -g . 4.. . I . . .4-. .4. . .~ 4. -. . . .4

Llj+L ~ ~ ~ ~ ~ ~ ~ u -1..J _._.A-- -- LJ
--, j_-_I . ,- L i I - -, -J . Ii

4--,14-, -4-- . 4+hr ch4r- 4- s4og..ime Nret9

L _ .,J L I -- - L I- L _ L i- LI.9+2
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COW 1P12-LOI1GNO. 1 FLT 2069 REC NO.15

P12 with S + 2/8 + 10 Filtr Added Pilot A; PR 10

re - ' ~ * - 1-- r, 4--'t 4 l-~ - - -If 4

-A. 4 V -'L Q .. L 44 p+ vt*. el YL :1 '. _4 IT. Lr of. . .I~

I +f L~r~ r j

;j. ~ iJLJ. ....L .I± L. .. . .... L 9

j_- L p __ Ji- - I - .4 -,-- I -i- - L. _-L J--P i--p J - r .r -

I 1- V I~ J, ~ I I I I I I I~ I 1 I I I

4--1- ~ 4-- 1 4.' 4-- -4- 4 -: 41 -4 r 1 4- -! -
TIJ- - L
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COWIG P129 - LFI3ING NO. 2 FLT 20M REC NO. 26

P12 with S+ 11S + 21)FiIar Added Pilot A;PR 9
r -r,r I r, -y r -r r T -r r i- 4 1r ,, l -1 -r r-i-r1--rr1,rr7

1.L + .- " FL .. L i4.La ~ '-r,--,-r,- 1-,-4T r1I ,-rlt I . I

44+L

. . .4 .' .~ .' I I~ I9 .~ A~ I' A4

Ir~i. f- 1PIT+'-p-1W +4- *+f .11

I~~~~ .' ~ 4- . . I. .- . .4 .' ... 4 . .* . . . .4 .. . .94 4 .4 4.

4--,l 4- -4-

F .ur E .. ih h~~Sb . T.u .Hl--st-- --

-L - - 1 ' . - J -k . . 4- -f F J -6 1 . 1, iL k

i ___
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COtFIO P 12M LAM4ING NO. 2 FL7 2086 REC NO. 3

P12A with Gain Changed Pilot A; PR 8
3 ~~~ ~ ~ ~ ~ -- r I -%- r -, ,-V- i- - E -e

- ~ ~ ~ ~ ~ ~ I . 6.- 8.q- i..L .. 8 . . .4 L .- 8 .8 .L A 8. * .. .. 4 L .

& .8-b. .8 8 - . . .a . . . . .. 4. . ... 4. . .. .-. . . .

4.8 4.8 .- .. . - - . . . . . 8. . . . . .4 8 . .4 6-. 8-

4 -F4 .- 4-44 4 - . . - . . 4 4 q-'-4 -I.l84-8. 44.

. . . . .. . . .

.lg . U .i . . . . . . -4Z -JW

=a- p :1- r 1Z=w
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COWIO P13 -UKUINO NO 2 FIT 2084 NEC NO. 4

HM0 (LAHOS Configuration 4-7) Force Commands Pilot A; PR 3

44-'t-i -44 z 4444444

-A -4 _ .L_ -J. -A. .. . . . .

3 &~~ . . . 4 . b . .- -.4 . .4- .. b 4~.4 .. - 4 .. .

.4i-
FU4 t' 4 ~ ~ S !f- HhhT

1fI i iL' ~ LId
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Figure E*R8b. Flight Chereotles Pitch Rate Response
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CONFID P13A- LRNDING NO. 2 FLT 2064 REC NO 19

HOS (LAHOS Configuration 4-7) Force Commands + Delay Pilot A; PR 6

__4 -- J.:

4 -- ---,,mitV --
I- .. *I*L

IL. ~ ~ ~ ~ ~ ~ ~ 4 uL 1 .- I I- L 1 -

1A1

4 ~ J. r

'11 44 '' ;1

2~~~~~~~~~~~: T ~-rr ~ - -rirI-17TI ,r

1" 11 2. 110 RA 3"0 W 0 I". IM

n-rr[ - -T - i-r i--r i ir r -4- -1

4- 4- *0~-1 ~ ~ -- "-T 6r-- 41

I I L . - L J4

-~~~ -- -I -- '---

.&. ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 .J. 4..- A .4L1 - -I J k - A

r I-r4-- I r -r

r -w 4 r i r'

1~ .1 L

a .0- { V F j Y ~40 lE £ i S 1.0 I MI3. 29.0 MILD U.0 30 3.8 3.0 A" Wl
fTM - SEC

F"gr 14-78. Pigh Charmoleit- Time HiStosy



Flgur E-27b. Plight chmwt~dtl.. - Pitch Rate Ropes S..

303

- ---- --- - -



COWfIG P 14- LOVYNO ND. 2 FLT 2064 REC NO. 12

ES for P13 Plus Feel Systm Delay Piot A; PR 5
r - r1- r r I-ij-r -1 -r r -a - I 1-1 - rrr -- r --- r T-- , a a I - 5

I. .. ..J.. Jt- 1 4 * . . -_ %-. -.5 . .... .... . 5 5 .. 4..4. f

i tr '-TV I a F 5 -r C -s i p s V i
-.- 5 5 . - o', 'T' r'* -o- r '-I * 17 '5 1 T.5 + -

.d.~ .4-b-A .5.4 .54. 4. .- 5 4. - A- -A5- 5.4

I- -.- I -. [ ,-4 4 - -fF"lA

-. .. -4 a. . -. . . . - . . 5
L. .1. £ -L5

_r * -Va r r '1 4- -r '-

_VN~~ 4---- V

Figam ~U.FlihtClireeedem.1 Tim __l_

J__L J , J30o

-4- _;_ 4- TR -11 1
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COWGFIG 1- LAeNIDNO. 2 FLT 2064 RC NO. 7

BIOS (LAHOS Configuration 1-4) Forom Commands Pilot A; PR 83 r j- r j--ry1e -- ~r -- l"T"-I"- i-rr- - r r - r 7-

-+ L J4 .... .... . i +L -_L 4 . 1.8 48. ... . &. J. &8 8 & . b

3~~~~Nl I 1~8 0- 6p -t1 9 -I ~ I~. *

. . . . . . . .8 . . . . . . . .4 . . . . . . 4 . ~ . . . . .

TKI(.4 -E

P~~~~gm~4 ..k .ih . .oesio . .im ..tU

4 4 4
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CtPFID PIS LANOIND NO. 2 FLI 2072 REC NO. 8

ES for PIS. Lct Fixed Pilot A; PR 8
f- r i-1-r rI--- r - t --r r -1 e r i -ri -r r -- r T-1-r e-1 ~ i T - 1- .- vr,--r r 9-

P- ': 4.. 1. .I -l IN.A 4i.4 4. ./. . r.. J-1 d 4 l 1i 4... . . I. -,I

~J La J -- -- L .4 - - p-4 1-1- r- J, -It9 P

L -L 4 - L . , . 4 ' LJ. . ... A ,L .

~j
5  

P9. I'9*1 ,- r ir 9- - - - - - - -P 1 4 9

------------------

2- ri--*r-rr fes r-- ' a'-rr

9- 44
t 14 9If 4 r 'r -4-,r I~~ 9 r t ' j9 I + -- ?r-

-11 L ... IL .1.. - L, .1. .1 .Ir- J1 I o L.a 1-64

&L i- L -L 1.-t J-.I .LLI '.-L A...JLJ

~~~~~~4 4:: 4-: : 4~".

L a-.

Figure~~~ .b .~h .~rgstts . .~m .l.t.s.
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CONFIG PISA - LAIF NO. 2 FLT 2070 REC NO. 15

Modified ES for PIS Pilot B; PR 5

I r;

. .4 .. 44. . .4 . .4 . . - . .. . I. . 9. . 4 . 4 . . . .4. .4 . .4. .

r' 4- .r- A 4-- .4- r- .9 44- .4-4 4-4 A 4.44

4..gj i _L

9 9 9 9 9 I 9 9 9 9 I 9 9 A * - I I LI .9

)--r . 4-4 4 4 -f- r.I-4r.4i-. -. 44.4.4 .9 . 'r J.1 4.

3 f. .4 _ I.4 -4- A - 9 4 - r-4 1 4-A 4-A 44 .9 1.

In T a i . S a m a a a a a S . a
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COWIGO P16A - LAING No. 2 FLT 2068 REC NO. 10

Modified ES for PIS Pilot C; PR 7

rr -r r~ n-a I ' . -r -ra 1-a 4-- T - a- r -r .11

.L .L . .L . . . .L. . .L L.a .J.Li. .j. .1 .L ..a. .a

. . 1 . r . . . . . .9 . .1 .~ 1 S V a . a

a4 --4

j 4 46 4-b r -,-- *, -a. 14-46. TI -- -4 . 4 - 64

: 'A a &&LI

- L ... .. L .31. j 1. . j a. 3. .4 L ..L _L 7- 4 _Z7 L. I-.. . &~ 3 .. L .
a a a a a a a a a a a a aI I ai aL -a A .a I++.?

T _k IT

L _--_______.__
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tNFIG P17 -LFMIN NO. 2 FLY 2B4 REC NO-14

ES fbrPI1.0 LFree Pilt A, PRO

3 .9 P .9 .9 ~* 9 .9 .t . . . .. . 4. . - - - ~ 9 9 .

-7 -T f f .
* ~~ 4. .. 1. J. .. . . . . T 84 . J 9 4 L 9 S .... &J .

1- ~~~TI J-,M_ - -,

Aie J I L~ .1 A ~Nb

L* I I 1 - +* .~ I I
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CONFIG 13 - RNOING NO. 2 FLT 2000 REC NO. 8

Adv Fighter (HOS-4) Pilot A; PR 4

.rk -Ar r r r'-

IT

T~t', -

__ 4-L
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Flom E44b. Figh C-1Mr-otsu1sh0.- Roll Ret% Respons
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COWE 1 L4 - LRNDING NO. 2 FLT 2080 REC NO. 16

ES for L3 Pilot A; PR 4
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CQWIG L6 -LAIJt4GNO. 2 FLT 207 REC NO. 15
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COIO -LRAIN NO. 2FLT 2078 RCNO. 3
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CONF10 L88 -LANDIN NO. 2FL7 2006 REC NO. 21
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COWIG LID -LANDING NO. 2 FLT 2077 REC NO. 17

Pilot A; PR 5
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COWIG LIIO-L"CINO NO. 1 FLT 2078 REC NO. I
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COFIO L.14-1l- LAI3IND NO. 2 FLT 2090 REC NO. 2
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COWEI L14-2 -LA4OINO NO. 2 FLT 2077 REC NO. 12
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CDHFIG L14B LINMING NO. 2 FLT 2083 REC NO. 4
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COJW1O LISP LAWVIND NO. 2 FLT 2080 REC NO. 14
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APPENDIX F

APPLICATION OF NEAL AND SMITH°S CRITERION

The Neal and Smith closed-loop analysis technique (Ref 3) was
applied to the Equivalent System Program data. For the longi-
tudinal set of dynamics, bandwidth variations were made to obtain
the beat correlation with the previously established flying quali-
ties level boundaries. The lateral set of dynamics from the data
were also analyzed and correlations were attempted.

Longitudinal Analysis

A paper pilot was added to the airframe dynamics of the
configurations in the equivalent systems program (Table 5, Section
VI) to find if the Neal and Smith criterion for pilot rating bound-
aries shows a correlation with the pilot ratings from the flight
evaluations. The procedure was to assume bandwith (frequency at
which the closed-loop phase, 0/8 c , is -90 degrees) and plot the
pitch resonance and corresponding phase margins for ESP configura-
tions. The paper pilot time delay was held at 0.3 seconds.
Figures F-la through F-ld show the variation in pitch resonance
and required pilot compensation at various values of bandwidth.
Sixteen configurations were used with bandwidth varying from 0.5
to 3.5 rad/sec. As bandwidth increases, the data tends to move
from negative to positive (i.e. lag to lead) pilot compensation
with essentially zero resonance. As pilot compensation nears 90 ,
resonance increases sharply. Associated with this migration is a
tendency for the data to scatter as bandwidth increases. A
bandwidth of 2.5 rad/sec appears to give the best correlation,
Figure F-lc.

Figures F-2a and 2b show a comparison of high-order syA;,.-mi
(HOS) and low-order systems (LOS) in terms of the Neal and De th
criteria. These were made at a bandwidth of 2.5 rad/seoc. Good
correlation exists for all HOS/LOS comparisons except for the
resonance values of PIS/P16 and PI5/P17. Thus, high-order system
and their low-order counterparts have the same characteristics by
the Neal and 'mith criterion, except theat the HOS resonance
exceeded LOS values for the Pie-prone cames. Time history data in
Appendix E verify this.

Previous analysis has shown the importance of equivalant time
delay (Ref 11) and the use of lead/lag prefilters to reduce the
effects of, high frequency phase lags is discussed in longitudinal
results Section VI-2. of this. report. Figure F-3 presents the
Nqal and Smith criterion interpretation of these elements.
Increasing time delay for a given configuration increases both
resonance and required pilot lead mpensation. However, Neal and
smith predicts the entire time delay Investigation with Configura-
tion PIOA-D and P12 as having Level 2 flying qualities, whereas
the actual Pilot ratings go from 2 (at T- 0) to 8 (at T - .20
seconds). lor the lead/lag filters, Neal and mith criterion
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correctly interprets the addition of these filters as reducing the
amount of pilot lead compensation required. Again, while all
three configurations have Level 3 flying qualities, the criterion
predicts Level 2.

Lateral Analysi

Bandwidths of 0.5 to 2.5 rad/sec were studied for the lateral
dynamics. Figures F-4a through 4d show the variation in resonance
and pilot compensation with bandwidth, and no bandwidth
correlation was possible.

Figure F-5 shows a comparison of resonance and pilot compensa-
tion between HOe's and LO6's. A bandwidth of 2.5 rad/sec was used
to correspond with the value used for longitudinal dynamics. It
should be noted that the lateral experiment included only L1/L2
and L3/L4 as equivalent high-order versus low-order systems. The
balance of the lateral ESP configurations dealt with variations in
control system lag and time delay effects. A few pseudo "high-
order" versus low-order systems are available for comparison: L6/
L4, L6/L9. Again, for the most part the Neal and Smith criterion
shows the same characteristics for the high order systems and
their counterpart low order systems.

In summary the Neal and Smith closed-loop criterion gave fair
correlation for the longitudinal dynamics at a bandwidth of 2.5
rad/sec. However, correlation was not possible at any bandwidth
for lateral dynamics. With a few exceptions, the criterion
generally equated the pitch resonance and pilot compensation for
high versus low order systems, both longitudinally and laterally.
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APPENDIX F (Continued)

DEVELOPMENT OF CORRELATIONS BETWEEN NEAL AND SMITHI8 CLOSED-
LOOP ANALYSIS TECHNIQUE AND EQUIVALENT SYSTEM MODELING

A study was made to compare the Neal and Smith closed loop
flying qualities analysis technique with equivalent system
modeling. The Neal and Smith techniques was applied at a
bandwidth of 2.5 rad/sec and a pilots time delay of" 0.3 sec. The
LAHOS data of Reference 4- were chosen to establish values for
correlation coefficients for the relationships of combinations and
variations of typical parameters in the longitudinal ESp data.

La Fixed Comparisons

Different combinations and variations of pilot compensation
(PC), resonance (I I ), equivalent short period frequency

ec max
(Cape), and equivalent short period damping (Csp e ) of the La fixed
equivalent systems were compared to determine any correlations.
It was discovered that a strong relationship exists between PC and
wgpe and between I L I and 1/tspe. With simple lineare - ec max
regression analysis the correlation coefficients for the
relationships were found to be 0.94 and 0.86, respectively.

An improvement in these correlations was possible by
including time delay (T) in the analysis. A multiple linear
regression analysis yielded correlation coefficients of 0.95 and
0.93, respectively.

The relationships developed above were applied to the
Equivalent System Program (ESP) data. Figure F-6 shows the
comparison between the actual values versus the predicted values
of these relationships (F-6(a) and (b) Pilot Compensation, F-6(c)
and (d) Resonance).

La Free Comparisons

The procedure used on the Lot fixed equivalent systm ws
used on the La free equivalent systems. The best correlations
were between PC and wgp and between I3 1 max and I/Cape .similar

to the L fixed data. A simple linear regression was performed
and correlated coefficients for the relationships were found to be
0.56 and 0.87, respectively.
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An improvement in these correlatilons was possible by includ-
ing T and L a in the analysis. A multiple linear regression
analysis yielded PC as a function of Wgpe' T, and La and IC max

as a function of l/lspe and r. The correlation coefficients for
these relationships were found to be 0.92 and 0.89, respectively.

The relationships developed above were applied to the ESP
data. Figure F-7 shows the comparison between the actual values
versus the predicted values of these relationships (F-7(a) and (b)
Pilot Compensation, F-7(c) and (d) Resonance).

A correlation exists between the Neal and Smith closed loop
flying qualities analysis technique and equivalent system modeling
for the LAHOS data. Applying these correlations to the ESP data,
and comparing actual values to predicted values, indicates that
these relationships are not unique to the LAHOS data. The
correlations are not perfect, and further work in this area is
recommended.
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